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(57)  This tying machine ties a first object and a sec-
ond object together by using a staple comprising a first
leg portion, a second leg portion, and a body portion con-
necting the first leg portion and the second leg portion,
the staple having an opening formed between the first
leg portion and the second leg portion. The tying machine
comprises: a first displacement unit that displaces the
firstleg portion to be engageable with the first object; and

TYING MACHINE AND METHOD FOR TYING

a second displacement unit that surrounds the second
object with the first leg portion, the second leg portion,
and the body portion and displaces the second leg portion
to be engageable with the first object. The second dis-
placement unit may be configured to be able to displace
the second leg portion to a position intersecting with the
first leg portion in a top view.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a binding ma-
chine and a binding method.

BACKGROUND ART

[0002] It is known that a plant and the like are bound
with a wire or the like by using a binding tool such as a
staple.

[0003] Patent Literature 1 describes an example of
such a staple. The staple includes a pair of left and right
arms and a convex protrusion provided between the
arms.

[0004] PatentLiterature 2 describes an electric binding
machine that includes a rechargeable power source de-
tachably connected to a mounting shell. The binding ma-
chine described in Patent Literature 2 can perform bind-
ing by using the staple described in Patent Literature 1.

CITATION LIST
PATENT LITERATURE
[0005]

Patent Literature 1: European Patent No. 1839482
Patent Literature 2: Chinese Patent Application Pub-
lication No. 111903423

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0006] The staple and the like described in Patent Lit-
erature 1 restrain the relative movement of two objects,
that is, a first object and a second object, and thus the
staple and the like correspond to a binding tool (a staple)
for binding the first object and the second object.
[0007] PatentLiterature 2 discloses abinding machine
using the staple disclosed in Patent Literature 1, but does
not disclose a binding method by which the binding is
less likely to be released from an object. In order to bind
growing objects such as a plant, two objects must be
bound in a state before growth such that the binding is
less likely to be released even in a state after growth.
When the two objects are tightly bound in the state before
growth, the growth of the objects is inhibited. On the other
hand, in a case where stems and the like as the objects
grow thick or the weight of fruit and the like increases
when the two objects are loosely bound, both ends of the
binding tool are opened and the binding tool is likely to
be released.

[0008] Therefore, an object of the present invention is
to provide a binding machine and a binding method that
enable binding which is less likely to be released.

10

15

20

25

30

35

40

45

50

55

SOLUTION TO PROBLEM

[0009] A binding machine according to an aspect of
the invention of the present application is configured to
bind a first object and a second object by using a staple
that includes afirst leg portion, a second leg portion, and
a main body portion connecting the first leg portion and
the second leg portion, and that has an opening formed
between the first leg portion and the second leg portion.
The binding machine includes a first displacement por-
tion configured to displace the first leg portion so as to
be engageable with the first object, and a second dis-
placement portion configured to displace the second leg
portion so as to surround the second object by using the
first leg portion, the second leg portion, and the main
body portion, and to be engageable with the first object.
[0010] Further, a binding method according to another
aspect of the invention of the present application is a
binding method for binding a first object and a second
object by using a staple that includes a first leg portion,
a second leg portion, and a main body portion connecting
the first leg portion and the second leg portion, and that
has an opening formed between the first leg portion and
the second leg portion. The first leg portion is displaced
and the first object is engaged with the first leg portion,
and the second leg portion is displaced so as to surround
the second objectby using the firstleg portion, the second
leg portion, and the main body portion, and the first object
is engaged with the second leg portion.

[0011] Here, a top view refers to a viewpoint viewed
from a direction perpendicular to a plane penetrating
through the first leg portion, the second leg portion, and
the main body portion before binding, and may be re-
ferred to as a plan view.

[0012] In the presentinvention, the description "binds
afirst object and a second object" refers to restricting the
movement of the second object with respect to the first
object. Here, the staple used for binding does not nec-
essarily come into contact with the first object or the sec-
ond object. For example, even when the staple does not
come into contact with the second object, it is possible
to restrict the movement of the second object with respect
to the first object by engaging with the first object in a
state where the staple surrounds the second object, and
thus the description "binds a first object and a second
object" includes such a state.

[0013] In the present invention, the description "bend"
orthe description "fold" refers to local bending. Therefore,
in a case of bending, a portion other than a locally bent
portion substantially maintains an original shape. For ex-
ample, when a linearly extending member is bent, a por-
tion other than a portion locally bent substantially main-
tains a linearly extending shape.

[0014] Inthe presentinvention, the description "curve"
refers to bending in a bow shape within a predetermined
range. Therefore, in a case of curving, the curved mem-
ber is deformed smoothly within a predetermined range.
[0015] In the present invention, the description "bend"
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includes bending and curving.
BRIEF DESCRIPTION OF DRAWINGS

[0016]

[FIG.1A]FIG. 1Ais adiagramillustrating an example
of a staple before binding in a top view.
[FIG.1B]FIG. 1Bis adiagramillustrating an example
of the staple after the binding in the top view.
[FIG.1C]FIG. 1Cisadiagramillustrating an example
of the staple after the binding in a front view.
[FIG.2A] FIG. 2Ais a schematic diagram of a binding
method using a binding machine according to a first
embodiment.

[FIG. 2B] FIG. 2B is a schematic diagram of the bind-
ing method using the binding machine according to
the first embodiment.

[FIG. 2C] FIG. 2C is a schematic diagram of the bind-
ing method using the binding machine according to
the first embodiment.

[FIG. 2D] FIG. 2D is a schematic diagram of the bind-
ing method using the binding machine according to
the first embodiment.

[FIG. 2E] FIG. 2E is a schematic diagram of the bind-
ing method using the binding machine according to
the first embodiment.

[FIG. 3] FIG. 3 is a sectional view of the binding ma-
chine according to the first embodiment in a right
side view.

[FIG. 4A] FIG. 4A is a sectional view of the binding
machine according to the firstembodiment in the top
view.

[FIG. 4B] FIG. 4B is a sectional view of the binding
machine according to the first embodiment in the
front view.

[FIG. 5] FIG. 5 is a partially enlarged view (a per-
spective view) illustrating a front-end side of the bind-
ing machine according to the first embodiment.
[FIG. 6A] FIG. 6A is a perspective view of a driver
according to the first embodiment.

[FIG. 6B] FIG. 6B is a plan view of the driver accord-
ing to the first embodiment in the top view.

[FIG. 7A] FIG. 7A is a perspective view of a slider
according to the first embodiment.
[FIG.7B]FIG.7Bisaplanview of the slider according
to the first embodiment in the top view.

[FIG. 8A] FIG. 8A is a partially enlarged view of a
cross section of the binding machine according to
the first embodiment in a side view.

[FIG. 8B] FIG. 8B is a partially enlarged view of a
cross section of the binding machine according to
the first embodiment in a rear view.

[FIG. 9] FIG. 9 is a partially enlarged view (a per-
spective sectional view) illustrating a nut part and
the like of the binding machine according to the first
embodiment.

[FIG. 10] FIG. 10 is a sectional view illustrating a
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detachment portion and the like of the binding ma-
chine according to the first embodiment.

[FIG. 11A] FIG. 11A s a partially enlarged view illus-
trating an initial state of the binding machine accord-
ing to the first embodiment in the front view.

[FIG. 11B] FIG. 11Bis a partially enlarged view illus-
trating the initial state of the binding machine accord-
ing to the first embodiment in the top view.

[FIG. 12A] FIG. 12Ais a partially enlarged view illus-
trating a plastic deformation start time of the binding
machine according to the first embodimentin the top
view.

[FIG. 12B] FIG. 12B is a partially enlarged view illus-
trating the plastic deformation start time of the bind-
ing machine according to the first embodiment in a
side view.

[FIG. 12C] FIG. 12C is a partially enlarged perspec-
tive view illustrating a front end portion of the binding
machine according to the first embodiment.

[FIG. 13] FIG. 13 is a perspective view of a contact
member 24 (a claw member) according to the first
embodiment.

[FIG. 14] FIG. 14 is a sectional view in the front view
during plastic deformation by the contact member
24 (the claw member) according to the first embod-
iment.

[FIG. 15] FIG. 15 is a perspective view of a second
arm according to the first embodiment.

[FIG. 16A] FIG. 16Ais a plan view of the second arm
according to the first embodiment.

[FIG. 16B] FIG. 16B is a rear view of the second arm
according to the first embodiment.

[FIG. 17A]FIG. 17A is a partially enlarged view illus-
trating a driver movement start time of the binding
machine according to the first embodiment in the
front view.

[FIG. 17B] FIG. 17B is a partially enlarged view illus-
trating the driver movement start time of the binding
machine according to the first embodimentin the top
view.

[FIG. 18] FIG. 18 is a partially enlarged view illus-
trating a state where the separated staple is ad-
vanced by the binding machine according to the first
embodiment in the top view.

[FIG. 19] FIG. 19 is a partially enlarged view illus-
trating a state where the staple has passed through
a first outer wall portion by the binding machine ac-
cording to the first embodiment in the top view.
[FIG. 20] FIG. 20 is a partially enlarged view illus-
trating a state where the staple has reached a dis-
placement start position by the binding machine ac-
cording to the first embodiment in the top view.
[FIG. 21A] FIG. 21Ais a partially enlarged view illus-
trating the front end portion of the binding machine
in the front view when a user inserts a first object
into a first insertion portion and inserts a second ob-
ject into a second insertion portion.

[FIG. 21B] FIG. 21B is a partially enlarged view illus-



5 EP 4 371 401 A1 6

trating the front end portion of the binding machine
in the top view when the user inserts the first object
into the first insertion portion and inserts the second
object into the second insertion portion.

[FIG. 22A] FIG. 22A is a partially enlarged view illus-
trating the front end portion of the binding machine
in the front view when the slider restarts advancing
after the first object and the second object are insert-
ed.

[FIG. 22B] FIG. 22B is a partially enlarged view illus-
trating the front end portion of the binding machine
in the top view when the slider restarts advancing
after the first object and the second object are insert-
ed.

[FIG. 23A] FIG. 23A is a partially enlarged view illus-
trating the front end portion of the binding machine
in the front view when the slider advances and a
second leg portion is deformed.

[FIG. 23B] FIG. 23B is a partially enlarged view illus-
trating the front end portion of the binding machine
in the top view when the slider advances and the
second leg portion is deformed.

[FIG. 24A] FIG. 24A is a partially enlarged view illus-
trating the front end portion of the binding machine
in the front view immediately before the slider most
advances.

[FIG. 24B] FIG. 24B is a partially enlarged view illus-
trating the front end portion of the binding machine
in the top view immediately before the slider most
advances.

[FIG. 25A] FIG. 25A is a partially enlarged view and
an enlarged perspective view of the front end portion
of the binding machine in the front view after the slid-
er starts retracting.

[FIG. 25B] FIG. 25B is a partially enlarged view and
an enlarged perspective view of the front end portion
of the binding machine in the top view after the slider
starts retracting.

[FIG. 25C] FIG. 25C is a partially enlarged perspec-
tive view of the front end portion of the binding ma-
chine after the slider starts retracting.

[FIG. 26A] FIG. 26A is a partially enlarged view and
an enlarged perspective view of the front end portion
of the binding machine in the front view when the
slider further retracts.

[FIG. 26B] FIG. 26B is a partially enlarged view and
an enlarged perspective view of the front end portion
ofthe binding machine inthe top view when the slider
further retracts.

[FIG. 26C] FIG. 26C is a partially enlarged perspec-
tive view of the front end portion of the binding ma-
chine when the slider further retracts.

[FIG. 27A] FIG. 27A is a diagram illustrating an ex-
ample of the staple before the binding in a top view.
[FIG. 27B] FIG. 27B is a diagram illustrating an ex-
ample of the staple after the binding in the top view.
[FIG. 28] FIG. 28 is a right side view of a binding
machine according to a second embodiment.
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[FIG. 29] FIG. 29 is a sectional view of the binding
machine according to the second embodiment in the
top view.

[FIG. 30A] FIG. 30A is a perspective view of a crank
holding mechanism according to the second embod-
iment.

[FIG. 30B] FIG. 30B is a vertical sectional view ob-
tained by penetrating through a second holding
mechanism of the crank holding mechanism accord-
ing to the second embodiment in a front view.

[FIG. 31A] FIG. 31A is a perspective view of a hole
according to the second embodiment.

[FIG. 31B] FIG. 31B is a vertical sectional view illus-
trating a state where a guiding protrusion is inserted
into the hole in the second embodiment.

[FIG. 31C] FIG. 31C is a vertical sectional view illus-
trating a state where the guiding protrusion is insert-
ed into the hole in the second embodiment.

[FIG. 32A] FIG. 32A is a schematic diagram illustrat-
ing a configuration in which a moving operation of
the driver and a vertical movement of a lid are inter-
locked in the second embodiment.

[FIG. 32B] FIG. 32B is a schematic diagram illustrat-
ing a configuration in which the moving operation of
the driver and the vertical movement of the lid are
interlocked in the second embodiment.

[FIG. 32C]FIG. 32C is a schematic diagram illustrat-
ing a configuration in which the moving operation of
the driver and the vertical movement of the lid are
interlocked in the second embodiment.

[FIG. 32D] FIG. 32D is a schematic diagram illustrat-
ing a configuration in which the moving operation of
the driver and the vertical movement of the lid are
interlocked in the second embodiment.

[FIG. 33A] FIG. 33A is a schematic diagram illustrat-
ing a configuration in which the moving operation of
the driver and the vertical movement of the lid are
interlocked in the second embodiment.

[FIG. 33B] FIG. 33B is a schematic diagram illustrat-
ing a configuration in which the moving operation of
the driver and the vertical movement of the lid are
interlocked in the second embodiment.

[FIG. 34] FIG. 34 is a perspective view of a guide
holding mechanism according to the second embod-
iment.

[FIG. 35A] FIG. 35A is a sectional view illustrating a
process of engaging the staple with the first object
by using the binding machine in the second embod-
iment in the top view.

[FIG. 35B] FIG. 35B is a sectional view illustrating
the process of engaging the staple with the first ob-
ject by using the binding machine in the second em-
bodiment in the top view.

[FIG. 35C] FIG. 35C is a sectional view illustrating
the process of engaging the staple with the first ob-
ject by using the binding machine in the second em-
bodiment in the top view.

[FIG. 36A] FIG. 36A is a sectional view illustrating
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the process of engaging the staple with the first ob-
ject by using the binding machine in the second em-
bodiment in the top view.

[FIG. 36B] FIG. 36B is a sectional view illustrating
the process of engaging the staple with the first ob-
ject by using the binding machine in the second em-
bodiment in the top view.

[FIG. 36C] FIG. 36C is a sectional view illustrating
the process of engaging the staple with the first ob-
ject by using the binding machine in the second em-
bodiment in the top view.

[FIG. 36D] FIG. 36D is a sectional view illustrating
the process of engaging the staple with the first ob-
ject by using the binding machine in the second em-
bodiment in the top view.

[FIG. 371 FIG. 37 is a perspective view illustrating a
state where the staple is engaged with the first object
in the second embodiment.

[FIG. 38] FIG. 38 is a partially enlarged perspective
view illustrating a guiding wall portion of the binding
machine according to the second embodiment.
[FIG. 39A] FIG. 39A is an enlarged perspective view
illustrating an inner fulcrum member of the binding
machine according to the second embodiment.
[FIG. 39B] FIG. 39B is a sectional view of a portion
including the inner fulcrum member of the binding
machine according to the second embodimentin the
top view.

[FIG. 40] FIG. 40 is an enlarged perspective view
illustrating a pushing member of the binding machine
according to the second embodiment.

DESCRIPTION OF EMBODIMENTS

[0017] Hereinafter, embodiments of the presentinven-
tion will be described with reference to the drawings. The
following embodiments are examples for explaining the
present invention, and it is not intended to limit the
present invention only to the embodiments.

<First Embodiment>
[Configuration of Staple S]

[0018] First, a configuration of a staple S according to
the present embodiment will be described. The staple S
is formed of a plastic deformable wire material that has
plasticity. The staple S may be referred to as a wire or a
clip. The staple S includes, for example, a metal wire
material or a metallic wire (including one whose surface
is coated by using a plating process or a resin).

[0019] FIG. 1A illustrates the staple S before binding
according to the present embodiment, and FIG. 1B and
FIG. 1C respectively illustrate a top view and a front view
ofthe staple Sin abound state after the binding (however,
for convenience of description, parts unnecessary for de-
scription such as a first object G and a second object P
are omitted in FIG. 1C).
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[0020] The staple S includes a first leg portion S1, a
second leg portion S2, and a main body portion S3 con-
necting the firstleg portion S 1 and the second leg portion
S2.

[0021] In a state before binding, the first leg portion S
1 and the second leg portion S2 of the staple S are sep-
arately provided, and thus an opening is provided be-
tween the first leg portion S1 and the second leg portion
S2. A direction from a closed portion of the main body
portion S3 toward the opening (a leftward direction of a
paper surface in FIG. 1A) is referred to as an opening
direction D 1. When the staple S is set in a binding ma-
chine 10, the opening direction D 1 of the staple S coin-
cides with a forward direction X1 to be described later.
[0022] Thefirstleg portion S1 is a portion including one
end portion of the staple S, and includes a first portion S
1B extending in the opening direction D 1 and a tip end
portion S 1A bentfrom thefirst portion S 1B and extending
outward. An angle formed by the first portion S1B and
the tip end portion S1A is referred to as a bending angle
a1, and a portion of the tip end portion S1A that is bent
to be connected to the first portion S1B is referred to as
a bent portion. In the present embodiment, the bending
angle a1 is 90 degrees or less.

[0023] The second leg portion S2 is a portion including
the other end portion of the staple S, and includes a sec-
ond portion extending in the opening direction D1. In the
top view (FIG. 1B)illustrating the bound state, the second
leg portion S2 is bent to intersect the first leg portion S1
and closes the opening. Accordingly, the second leg por-
tion S2 according to the present embodiment is formed
to be longer than a width of the opening, thatis, a distance
between the first leg portion S1 and the second leg por-
tion S2. In addition, the second leg portion S2 is formed
to be longer than the first leg portion S1.

[0024] The main body portion S3 is a portion connect-
ing the first leg portion S1 and the second leg portion S2.
The main body portion S3 according to the present em-
bodimentincludes a side portion extending linearly. How-
ever, a shape of the main body portion S3 is not limited
thereto, and the main body portion S3 may include, for
example, a curved portion that is curved in an outward
direction, or may include one or more side portions and
one or more curved portions.

[0025] In the bound state illustrated in FIG. 1B, the tip
end portion S1A of the first leg portion S 1 of the staple
S is bent substantially clockwise (Hereinafter, in the top
view, a substantially clockwise direction may be referred
to as a "first rotation direction R1", and a substantially
counterclockwise direction may be referred to as a "sec-
ond rotation direction R2".) in FIG. 1B, and intersects the
first leg portion S1 in the top view. Accordingly, it is pos-
sible to sandwich the first object G with the first leg portion
S1. As illustrated in FIG. 1C, the tip end portion S1A of
the first leg portion S1 is bent such that a tip end thereof
advances in a downward direction Z2 separated from a
plane PL penetrating through the first leg portion S1, the
second leg portion S2, and the main body portion S3
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before the binding.

[0026] On the other hand, a part of the second leg por-
tion S2 of the staple S closes the opening by being folded
in the first rotation direction R1. Since the opening is
closed, it is possible to restrain the staple S from being
released from the second object P surrounded by the
staple S. Further, as illustrated in FIG. 1C, a tip end por-
tion S2A of the second leg portion S2 is bent such that
a tip end thereof advances in an upward direction Z1
separated from the plane PL penetrating through the first
leg portion S1, the second leg portion S2, and the main
body portion S3 before the binding. In this way, the tip
end of the first leg portion S1 is bent to advance in the
downward direction Z2 and is engaged with the first ob-
ject G, and the tip end of the second leg portion S2 is
bent to advance in the upward direction Z1 and is en-
gaged with the second object P, and thus it is possible
to easily generate tension in a region from an engage-
ment position of the first object G with the first leg portion
S1to an engagement position with the second leg portion
S2. Accordingly, it is possible to restrain the first object
G from being bent and the staple S from falling off and
the like.

[0027] In addition, the second leg portion S2 is folded
to a position where the second leg portion S2 intersects
the first leg portion S1 in the first rotation direction R1
toward an inward direction of the staple S so as to close
the opening in the top view. At this time, the tip end portion
S2A of the second leg portion S2 passes through a gap
between the first object G and the second object P.
Thereafter, the second leg portion S2 is displaced in the
second rotation direction R2 opposite to the first rotation
direction R1 in the top view, which causes the tip end
portion S2A of the second leg portion S2 passing through
the gap between the first object G and the second object
P to be engaged with the first object G. As a result, it is
possible to engage the tip end portion S1A of the firstleg
portion S1 with the tip end portion S2A of the second leg
portion S2 to sandwich the first object G. Even when the
second object P grows, the first leg portion S1 and the
second leg portion S2 are respectively bent in directions
in which a force for sandwiching the first object G is
strengthened. Therefore, it is possible that even when
the second object P grows, the staple S is less likely to
be released from the first object G.

[0028] When the second leg portion S2 is displaced in
the first rotation direction R1, it is preferable to bend the
second leg portion S2 in the first rotation direction R1
and bend the tip end portion S2A of the second leg portion
S2 in the second rotation direction R2 opposite to the
first rotation direction R1. According to such a configu-
ration, it is possible to easily engage the tip end portion
S2A of the second leg portion S2 with the first object G
by displacing the tip end portion S2A of the second leg
portion S2 that has passed through the gap between the
first object G and the second object P in the second ro-
tation direction R2.

[0029] Asis clear from a comparison between FIG. 1A
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illustrating the state of the staple S before the binding,
and FIG. 1B and FIG. 1C illustrating the state of the staple
S after the binding, when a distance from the tip end of
the first leg portion S1 to the displaced portion of the first
leg portion S1 is setto a first distance DS1 and adistance
from the tip end of the second leg portion S2 to the dis-
placed portion of the second leg portion S2 is set to a
second distance DS2, the second distance DS2 is larger
than the first distance DS1, and for example, the second
distance DS2 is larger than twice the first distance DS1.
In this way, by bending the staple S in a non-symmetrical
manner, it is possible to suitably engage the second leg
portion S2 with the first object G held adjacently to the
first leg portion S1.

[0030] Further, as illustrated in FIG. 1A, a boundary
position between the displaced portion of the firstleg por-
tion S1 and a portion not displaced thereof, which corre-
sponds to a position from the tip end of the first leg portion
S1 by the first distance DS1, corresponds to a position
advanced in the opening direction D1 with respect to a
boundary position between the displaced portion of the
second leg portion S2 and a portion not displaced thereof,
which corresponds to a position from the tip end of the
second leg portion S2 by the second distance DS2.
[0031] According to such a configuration, when a slider
44 is advanced in the opening direction D1, it is possible
to first start the displacement of the second leg portion
S2, and start the displacement of the first leg portion S1
after the displacement of the second leg portion S2 is
started. Therefore, it is possible to restrain a large load
from being applied to the binding machine 10 at the same
time.

[0032] A shape of the staple S is not limited to that
illustrated in FIG. 1A. For example, it will be understood
by a person skilled in the art that the first leg portion S1
and the second leg portion S2 are not necessarily parallel
to each other, and for example, even when the width of
the opening becomes narrower toward the tip end, or the
width of the opening becomes wider toward the tip end,
itis possible to bend the staple S such that at least a part
of the technical effects described above is exhibited. In
addition, it will be understood by a person skilled in the
artthateven when the first leg portion S1 and the second
leg portion S2 have the same length, the tip end of the
first leg portion S1 is surplus, but it is possible to bend
the staple S such that at least a part of the technical
effects described above is exhibited.

[0033] A method of bending the staple S is not limited
to those illustrated in FIGS. 1B and 1C. For example, the
tip end portion S2A of the second leg portion S2 may not
be bent. It will be understood by a person skilled in the
art that even when the tip end portion S2A of the second
leg portion S2 is not bent, the second leg portion S2 can
be engaged with the first object G, and thus at least a
part of the technical effects described above is exhibited.
[0034] An example of a configuration of the binding
machine 10 for bending the staple S illustrated in FIG.
1A as illustrated in FIGS. 1B and 1C will be described
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below.

[0035] FIGS. 2A to 2E are schematic diagrams illus-
trating the configuration of the binding machine 10 ac-
cording to the embodiment of the present invention and
states of the staple S bent by the binding machine 10,
respectively. In FIGS. 2A to 2E, the main body portion
S3 of the staple S is stationary.

[0036] In order to describe a relation between relative
directions, for the sake of convenience, a leftward direc-
tion of the paper surface in FIG. 2A to FIG. 2E may be
referred to as the forward direction X1, a rightward direc-
tion of the paper surface may be referred to as a rearward
direction X2, a near-side direction perpendicular to the
paper surface may be referred to as the upward direction
Z1, afar-side direction perpendicular to the paper surface
may be referred to as the downward direction Z2, a lower
side of the paper surface may be referred to as a right-
ward direction Y1, and an upper side of the paper surface
may be referred to as a leftward direction Y2. The top
view refers to the viewpoint when the binding machine
10 and the like is seen from a position at the upward
direction Z1 toward the downward direction Z2, the front
view refers to the viewpoint when the binding machine
10 and the like is seen from a position at the forward
direction X1 toward the rearward direction X2, and the
side view refers to the viewpoint when the binding ma-
chine 10 and the like is seen toward the rightward direc-
tion Y1 or the leftward direction Y2.

[0037] Further, when the staple S to be described later
is setin the binding machine 10, a direction from a region
surrounded by the staple S (a region into which the sec-
ond object P to be described later is inserted) toward an
outer side ofthe staple S may be referred to as an outward
direction, and a direction from the outer side of the staple
S toward the region surrounded by the staple S may be
referred to as an inward direction, with the staple S as a
reference.

[0038] Asillustratedin FIG. 2A and the like, the binding
machine 10 includes the slider 44 as an example of a
movement part that moves in the forward direction X1.
The binding machine 10 further includes a first displace-
ment portion 20 for displacing the first leg portion S1 of
the staple S. The first displacement portion 20 displaces
the first leg portion S1 of the staple S so as to be engage-
able with the first object G by moving different parts in
different directions based on the movement of the slider
44 toward the forward direction X 1.

[0039] The slider 44 may be integrally formed, or may
be composed of a plurality of parts that move in an inter-
locked manner.

[0040] The first displacement portion 20 according to
the present embodiment includes a contact member 24
that moves in a direction inclined toward the inward di-
rection of the staple S (the rightward direction Y1) and
the rearward direction X2 based on the movement of the
slider 44 toward the forward direction X1. The contact
member 24 comes into contact with a region of the tip
end portion S1A of the staple S and bends the tip end
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portion S1A to plastically deform, and thus the contact
member 24 may be referred to as a gripping portion.
[0041] The first displacement portion 20 may include
a part that moves in a direction substantially perpendic-
ular to the forward direction X1, which is the inward di-
rection of the staple S (the rightward direction Y1), based
on the movement of the slider 44 toward the forward di-
rection X1 so as to come into contact with the tip end
portion S1A of the staple S and bend the tip end portion
S1A.

[0042] Instead of this, the first displacement portion 20
may include a part that moves in the outward direction
of the staple S (the leftward direction Y2) based on the
movement of the slider 44 toward the forward direction
X1 so as to come into contact with the tip end portion
S1A of the staple S and bend the tip end portion S1A.
[0043] Instead of this, the first displacement portion 20
may include a part that moves the staple S in the first
rotation direction R1 based on the movement of the slider
44 toward the forward direction X1 so as to come into
contact with the tip end portion S1A of the staple S and
bend the tip end portion S1A.

[0044] Instead of this, the first displacement portion 20
may include a part that moves the staple S in the second
rotation direction R2 based on the movement of the slider
44 toward the forward direction X1 so as to come into
contact with the tip end portion S1A of the staple S and
bend the tip end portion S1A.

[0045] As a mechanism for moving the parts such as
the contact member 24 in different directions based on
the movement of the movement part such as the slider
44 toward the forward direction X1, a mechanism dis-
closed in the present embodiment or other mechanisms
may be used.

[0046] As a mechanism for rotating the parts such as
the contact member 24 in the first rotation direction R1
or the second rotation direction R2 based on the move-
ment of the movement part such as the slider 44 toward
the forward direction X1, the mechanism disclosed in the
present embodiment or other mechanisms may be used.
[0047] The binding machine 10 further includes a sec-
ond displacement portion 30 for displacing the second
leg portion S2 of the staple S. The second displacement
portion 30 displaces the second leg portion S2 of the
staple S so as to be engageable with the first object G
by moving different parts in different directions based on
the movement of the slider 44 toward the forward direc-
tion X1.

[0048] The second displacement portion 30 according
to the present embodiment includes an arm (may also
referred to as a second arm) that bends the second leg
portion S2 to plastically deform by rotating in the first
rotation direction R1 based on the movement of the slider
44 toward the forward direction X1. In the present em-
bodiment, since the arm comes into contact with the sec-
ond leg portion S2 of the staple S and bends the second
leg portion S2 in a direction inclined toward the upward
direction Z1 while bending the second leg portion S2 in
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a direction approaching the first leg portion S1, and thus
the arm may be referred to as an obliquely bending por-
tion.

[0049] InFIG. 2A, the second displacement portion 30
is connected to the slider 44 and is configured to rotate
with a front end portion of the slider 44 as a fulcrum.
However, as described in the embodiment to be de-
scribed later, the second displacement portion 30 may
not be connected to the slider 44. For example, the sec-
ond displacement portion 30 may be not connected to
the slider 44, and may include a second arm 32 thatbends
the second leg portion S2 to plastically deform by rotating
in the first rotation direction R1 by a second front end
portion 44A2 of the slider 44.

[0050] The second displacement portion 30 may in-
clude a part that moves in a direction substantially per-
pendicular to the forward direction X1, which is the inward
direction of the staple S (the leftward direction Y2), based
on the movement of the slider 44 toward the forward di-
rection X1 so as to come into contact with the second leg
portion S2 of the staple S and bend the second leg portion
S2.

[0051] Instead of this, the second displacement portion
30 may include a part that moves in the outward direction
of the staple S (the rightward direction Y1) based on the
movement of the slider 44 toward the forward direction
X1 so as to come into contact with the second leg portion
S2 of the staple S and bend the second leg portion S2.
[0052] Instead of this, the second displacement portion
30 may include a part that moves the staple S in the
second rotation direction R2 based on the movement of
the slider 44 toward the forward direction X1 so as to
come into contact with the second leg portion S2 of the
staple S and bend the second leg portion S2.

[0053] Further,the seconddisplacementportion 30 ac-
cording to the present embodiment additionally includes
a support wall portion 68A that bends the tip end portion
S2A of the second leg portion S2 in an opposite direction
(the outward direction) by causing the tip end portion S2A
of the second leg portion S2 to pass therethrough while
bringing the tip end portion S2A into contact therewith.
Since the support wall portion 68A bends the tip end por-
tion S2A of the second leg portion S2, the support wall
portion 68A may be referred to as a tip end-bending por-
tion.

[0054] However, in the case of using a staple having
a tip end portion bentin the outward direction in advance,
the binding machine may not include the support wall
portion 68A.

[0055] Further, the binding machine 10 according to
the present embodiment additionally includes a fulcrum
66A functioning as a bending fulcrum of the second leg
portion S2. In the present embodiment, a front end of a
second inner wall portion 66 functions as the fulcrum 66A.
In addition, a distance from a portion of the second leg
portion S2, which is in contact with the fulcrum 66A, to
the tip end thereof corresponds to the second distance
DS2.
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[0056] FIG. 2A is a schematic diagram illustrating a
state immediately after the start of the bending of the
staple S in the top view. As illustrated in FIG. 2A, the
second displacement portion 30 starts rotating in the first
rotation direction R1 by the slider 44 moving in the for-
ward direction. Therefore, the second leg portion S2 of
the staple S that is in contact with the second displace-
ment portion 30 starts bending with the fulcrum 66A as
a fulcrum. At the same time, the tip end portion S2A of
the second leg portion S2 passes through the support
wall portion 68A while being in contact with the support
wall portion 68A. Accordingly, it is possible to bend the
tip end portion S2A of the second leg portion S2 in the
second rotation direction R2 corresponding to the out-
ward direction of the staple S while bending a second leg
portion S in the first rotation direction R1 corresponding
to the inward direction of the staple S.

[0057] FIGS. 2B and 2C are schematic diagrams re-
spectively illustrating the states after the start of the bend-
ing of the staple S in the top view. As illustrated in FIGS.
2B and 2C, the second displacement portion 30 further
rotates in the first rotation direction R1 by the slider 44
further moving in the forward direction. Therefore, the
second displacement portion 30 further bends the sec-
ond leg portion S2 in the first rotation direction R1 with
the fulcrum 66A as a fulcrum.

[0058] FIG. 2D is a schematic diagram illustrating a
state where the second leg portion S2 of the staple S is
bent and intersects the firstleg portion S1 in the top view.
In the present embodiment, since the second leg portion
S2 is bent in the direction inclined toward the upward
direction Z1 while being bentin the direction approaching
the first leg portion S1, the second leg portion S2 does
not intersect the first leg portion S1. As illustrated in FIG.
2D, since the second displacement portion 30 further ro-
tates in the first rotation direction R1 by the slider 44
further moving in the forward direction and rotates by 90
degrees or more, the second displacement portion 30 is
configured to bend the second leg portion S2 to the po-
sition where the second leg portion S2 intersects the first
leg portion S1 in the top view.

[0059] FIG. 2E is a schematic diagram illustrating a
state where the first leg portion S1 of the staple S is bent
inthe top view. Asiillustrated in FIG. 2E, the contact mem-
ber 24 of the first displacement portion 20 moves in the
direction inclined toward the inward direction (the right-
ward direction Y1) and the rearward direction X2 by the
slider 44 moving in the forward direction, and bends the
tip end portion S1A of thefirstleg portion S1. Asiillustrated
in FIG. 2E, the tip end portion S1A may be folded in the
upward direction Z1 or may be folded in the downward
direction Z2 with respect to the first leg portion S 1. By
bending a tip end portion S1 of the first leg portion S1 in
this manner, it is possible to sandwich the first object G
with the first leg portion S1.

[0060] Further, in the present embodiment, by dispos-
ing the first displacement portion 20 and the second dis-
placement portion 30 such that timings at which the first
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displacement portion 20 and the second displacement
portion 30 come into contact with the slider 44 are differ-
ent, a timing at which the bending of the first leg portion
S1 ofthe staple S starts and a timing at which the bending
of the second leg portion S2 of the staple S starts are
deviated. According to such a configuration, it is possible
to restrain a large load from being simultaneously gen-
erated inthe binding machine 10. Inaddition, by first start-
ing the bending of the second leg portion S2 having a
large bending amount, it is possible to restrain a large
deviation between a timing at which the bending of the
firstleg portion S1 ends and a timing at which the bending
of the second leg portion S2 ends.

[0061] Hereinafter, the detailed configuration of the
binding machine 10 according to the first embodiment
will be described.

[0062] FIG. 3is asectional view of the binding machine
10 in aright side view. FIG. 4A is a sectional view of the
binding machine 10 in the top view (However, for the
sake of convenience, FIG. 4A is rotated by 90 degrees.
Hereinafter, the drawings may be rotated in the same
manner for the sake of convenience. Further, parts not
described in order to make the description easier to un-
derstand (for example, a housing of the binding machine
10) are omitted (hereinafter, some parts may be omitted
in the drawings for the same reason).

[0063] FIG. 4B is a sectional view of the binding ma-
chine 10 in the front view, which is obtained by cutting
the binding machine 10 along an A-A cross section in
FIG. 4A. FIG. 5is an enlarged perspective view of a front
end portion of the binding machine 10.

[Schematic Configuration of Binding Machine 10]

[0064] The binding machine 10 binds the first object G
and the second object P by using the staple S having the
formed opening. The configuration of the staple S (FIGS.
1A and 1B) according to the embodiment is described
above.

[0065] ThefirstobjectGis,forexample,awire,abeam,
a string, a rod, a pipe, a branch of a tree, or the like. The
first object G may be referred to as a guide element. The
second object P is, for example, a stem, a vine, a branch,
a fruit of a plant, a tree, or the like. The binding machine
10 restricts the movement of the second object P with
respect to the first object G and binds the first object G
and the second object P by displacing the first leg portion
S1 of the staple S so as to engage with the first object
G, and displacing the second leg portion S2 thereof so
as to engage with the first object G such that the staple
S surrounds the second object P.

[0066] The binding machine 10 includes the first dis-
placement portion 20 that displaces the first leg portion
S1 of the staple S so as to be engageable with the first
object G, and the second displacement portion 30 that
displaces the second leg portion S2 of the staple S so
as to be engageable with the first object G. The second
displacement portion 30 is configured to bind the first
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object G and the second object P by engaging the tip end
portion S2A of the second leg portion S2 with the first
object G in a state where the second object P is surround-
ed by the first leg portion S 1, the second leg portion S2,
and the main body portion S3 of the staple S.

[0067] More specifically, the binding machine 10 in-
cludes a grip 12 extending in an up-down direction so as
to be gripped by a user and provided with a switch for
driving the binding machine 10, a magazine 14 (FIG. 3)
configured to accommodate a plurality of the staples S
stacked in the up-down direction, a pusher 16 for biasing
the plurality of staples S accommodated in the magazine
14 toward the upward direction Z1, a driver 42 that push-
es the staple S positioned at an upper end toward the
forward direction X1 to separate the staple S positioned
at the upper end from another staple S and move the
staple S in the forward direction X1, a movement mech-
anism for moving the driver 42 and the slider 44, the first
displacement portion 20 for displacing the first leg portion
S 1 of the staple S by the slider 44, the second displace-
ment portion 30 for displacing the second leg portion S2
of the staple S by the slider 44, and a detachment portion
56 that provides a movement path when the staple S is
detached from the another staple S.

[0068] Here, the first displacement portion 20 includes
a first outer wall portion 62 and a first inner wall portion
64 for displacing the tip end portion S 1A by the tip end
portion S1A of the first leg portion S 1 passing through
thefirst outer wall portion 62 and the firstinner wall portion
64 while being in contact therewith when the staple S
moves in the forward direction X1 by the driver 42.
[0069] Further, the first displacement portion 20 in-
cludes a first arm 22 that rotates by being pushed by a
first front end portion 44A1 of the slider 44 moving in the
forward direction X1, and the contact member 24 that
bends the tip end portion S1A of the first leg portion S 1
by moving toward the inward direction of the staple S
while being in contact with the tip end portion S 1A of the
firstleg portion S 1 as the firstarm 22 rotates. The contact
member 24 may be referred to as a claw member.
[0070] The second displacement portion 30 includes
the second arm 32 that rotates by being pushed by the
second front end portion 44A2 of the slider 44 moving in
the forward direction X1. The second arm 32 is configured
to bend the second leg portion S2 by rotating while being
in contact with the second leg portion S2 of the staple S.
Atthis time, as described above, since the second object
P is surrounded by the first leg portion S1, the second
leg portion S2, and the main body portion S3 of the staple
S, and the second leg portion S2 is engaged with the first
object G, it is possible to bind the first object G and the
second object P.

[0071] The binding machine 10 according to the
present embodiment respectively displaces the first leg
portion S 1 and the second leg portion S2 of the staple
S by translating the parts such as the slider 44 toward
the forward direction X1 and pushing the first arm 22 and
the second arm 32 by the translated parts to convert the
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translational motion into a rotational motion. However, a
means for displacing the first leg portion S1 or the second
leg portion S2 is not limited thereto. For example, as the
means for displacing the first leg portion S1, a means for
displacing the tip end portion S1A in an arc shape when
the tip end portion S1A of the firstleg portion S1 advances
by the driver 42 or the slider 44, may be mounted. In
addition, another means for converting the translational
motion into the rotational motion may be adopted as a
configuration for converting the translational motion into
the rotational motion. Further, in the present embodi-
ment, the first arm 22 and the second arm 32 are rotated
together in the same direction in the top view to displace
the first leg portion S1 and the second leg portion S2, but
the present invention is not limited thereto, for example,
the second arm 32 may rotate in the opposite direction
to displace the second leg portion S2.

[0072] Hereinafter, the detailed configuration of the
binding machine 10 according to the present embodi-
ment will be described.

[Driver and Movement Mechanism of Slider (Feeding
Mechanism)]

[0073] The driver 42 of the binding machine 10 has a
function of moving in the forward direction X1 to move
the staple S in the forward direction X1. The driver 42 is
configured to move the staple S positioned at the upper
end, which is connected to the another staple S, toward
the forward direction X1 so as to separate the staple S
from the another staple S, and is further configured to
displace the tip end portion S 1A of the first leg portion
S1 by moving the staple S toward the forward direction
X1 and causing the tip end portion S1A of the first leg
portion S1 to pass through the first outer wall portion 62
included in the first displacement portion 20 while being
in contact therewith.

[0074] FIG. 6A is a perspective view of the driver 42
according to the present embodiment, and FIG. 6B is a
plan view of the driver 42 in the top view. As illustrated
in FIGS. 6A and 6B, the driver 42 is formed in a plate
shape, and includes a front end portion having a front
end surface 42S in contact with the main body portion
S3 of the staple S, and a rear end portion provided in the
rearward direction X2 with respectto the frontend portion
and having a protruded portion 42C for driver protruding
in the downward direction Z2.

[0075] The front end portion of the driver 42 includes
the front end surface 42S that conforms to the shape of
the main body portion S3 of the staple S and is provided
to be inclined with respect to a front-rear direction.
[0076] Further, a left end of the front end portion of the
driver 42 has a protruding end portion 42B extending in
the forward direction X1 so as to have a wall surface
extending in the forward direction X1 in order to support
the first leg portion S1 by coming into contact with the
first portion S1B of the first leg portion S 1 corresponding
to a left end of the staple S and with a portion of the main
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body portion S3 connected to the firstleg portion S 1 from
the leftward direction Y2 which is the outward direction.
[0077] Asillustratedin FIG. 4B and FIG. 8B, the driver
42 is guided to move in the front-rear direction by being
fitted into a recessed portion provided in a base 46. Since
an upper surface of the driver 42 is in contact with a bot-
tom surface of the slider 44 fitted into the recessed portion
provided in the base 46, the movement of the driver 42
toward the upward direction Z 1 is restricted. In addition,
since left and right side surfaces of the driver 42 are re-
spectively in contact with left and right wall surfaces of
the base 46 provided to extend in the front-rear direction,
the leftward and rightward movement of the driver 42 is
restricted. Further, the protruded portion 42C for driver
formed at the rear end portion of the driver 42 and pro-
truding in the downward direction Z2 is inserted into the
recessed portion of the base 46. Left and right wall sur-
faces and a bottom surface of the protruded portion 42C
for driver respectively face the wall surfaces and an upper
surface of the base 46. According to the above configu-
ration, the driver 42 is guided to move in the front-rear
direction.

[0078] Three grooves are formed in a bottom portion
of the protruded portion 42C for driver protruding toward
the downward direction Z2. Specifically, a first groove
42G1 formoving toward the forward direction X1 by being
pushed toward the forward direction X1 by a first claw
portion 48C1 of a switching block 48 (an example of a
"block") to be described later, a second groove 42G2 for
moving toward the rearward direction X2 by being
pushed toward the rearward direction X2 by a second
claw portion 48C2, and a third groove 42G3 for moving
toward the forward direction X1 by being pushed toward
the forward direction X1 by a third claw portion 48C3 are
formed. As illustrated in FIG. 4B and FIG. 8B, the first
groove 42G1, the second groove 42G2, and the third
groove 42G3 are provided to be parallel to one another
and extend in the front-rear direction. In addition, front
ends of the first groove 42G1 and the third groove 42G3
(groove side surfaces of the first groove 42G1 and the
third groove 42G3 facing the rearward direction X2) are
provided at the same position in the front-rear direction.
In addition, a rear end of the second groove 42G2 (a
groove side surface of the second groove 42G2 facing
the forward direction X1) is provided in the rearward di-
rection X2 with respect to the front ends of the first groove
42G1 and the third groove 42G3 (the groove side sur-
faces of the first groove 42G1 and the third groove 42G3
facing the rearward direction X2). On the other hand, the
first groove 42G1 and the third groove 42G3 are provided
to extend in the rearward direction X2 with respect to the
rear end of the second groove 42G2.

[0079] As will be described later, a configuration is
adopted in which the driver 42 is advanced by using two
grooves, that is, the first groove 42G1 and the third
groove 42G3 at the time of advance, the driver 42 is re-
tracted by using one groove, that is, the second groove
42G2 at the time of retraction, and thus the driver 42 can
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suitably move in the forward direction X1 at the time of
advance having a relatively high load. Further, in the top
view, the second groove 42G2 is provided to overlap with
acentral axis of a ball screw 50, and the first groove 42G1
and the third groove 42G3 are provided to sandwich the
second groove 42G2, and thus the driver 42 is configured
to advance and retract in a well-balanced manner.
[0080] The driver 42 is placed on the base 46 of the
binding machine 10 and is configured to move in the front-
rear direction on the base 46. Therefore, a part of the
upper surface of the base 46 is exposed in the upward
direction Z1 by forming the first groove 42G1, the second
groove 42G2, and the third groove 42G3.

[0081] The slider 44 of the binding machine 10 has a
function of moving in the forward direction X1 and push-
ing the first displacement portion 20 and the second dis-
placement portion 30 toward the forward direction X1 so
as to displace the first leg portion S1 and the second leg
portion S2 of the staple S, respectively. The slider 44
according to the present embodiment include the first
front end portion 44A1 that pushes the first arm 22 of the
first displacement portion 20 toward the forward direction
X1 to rotate the first arm 22, and the second front end
portion 44A2 that pushes the second arm 32 to the sec-
ond displacement portion 30 toward the forward direction
X1 to rotate the second arm 32.

[0082] FIG. 7A is a perspective view of the slider 44
according to the present embodiment, and FIG. 7B is a
plan view of the slider 44 in the top view. As illustrated
in FIGS. 7A and 7B, the slider 44 is formed in a plate
shape, and includes the first front end portion 44A1 that
extends in the forward direction X1 on a left side on which
the first leg portion S1 of the staple S is disposed, and
the second front end portion 44A2 that is separated from
the first front end portion 44A1 and extends in the forward
direction X1 on a side on which the second leg portion
S2 of the staple S is disposed.

[0083] Theslider44 furtherincludes fixing portions 44B
for being fixed to a nut part 52 to be described later by
using bolts.

[0084] As illustrated in FIG. 4B, the slider 44 is guided
to move in the front-rear direction by being fitted into the
recessed portion provided in the base 46. An upper sur-
face of the slider 44 comes into contact with the base 46
or a guide fixed to the housing so as to restrict the move-
ment toward the upward direction Z1. Further, left and
right side surfaces of the slider 44 come in contact with
the left and right wall surfaces of the base 46 provided
to extend in the front-rear direction so as to restrict the
leftward and rightward movement. Further, the bottom
surface of the slider 44 is supported by the upper surface
of the base 46 and the upper surface of the driver 42.
According to such a configuration, the slider 44 (and the
driver 42 on which the slider 44 is stacked) is guided to
move in the front-rear direction.

[0085] Configurations ofthe firstfrontend portion 44A1
and the second front end portion 44A2 of the slider 44
will be described later.
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[0086] The nutpart 52 of the binding machine 10 (such
as FIGS. 4A, 8A, and 8B) has a function of moving the
driver 42 and the slider 44 in the forward direction X1 and
the rearward direction X2. The nut part 52 according to
the present embodiment is formed with a female screw
that is screwed to a male screw of the ball screw 50 via
a ball member (not shown). Therefore, the nut part 52
moves in the forward direction X1 when the ball screw
50 rotates clockwise, and the nut part 52 moves in the
rearward direction X2 when the ball screw 50 rotates
counterclockwise. The nut part 52 is fixed to the slider
44. Further, as illustrated in FIG. 8A, a front end surface
of the nut part 52 is in contact with a rear end surface of
the slider 44. Therefore, the nut part 52 and the slider 44
are configured to integrally move in the forward direction
X1 and the rearward direction X2 in a state where a ro-
tational moment is restrained.

[0087] Further, the nut part 52 includes an annular
holding portion 52A protruding in the downward direction
Z2 in order to hold the switching block 48 (FIG. 8B) pro-
vided with the first claw portion 48C1, the second claw
portion 48C2, and the third claw portion 48C3. The nut
part 52 and the switching block 48 held by the nut part
52 are configured to integrally move in the forward direc-
tion X1 and the rearward direction X2. The holding portion
52A holds the switching block 48 such that the first claw
portion 48C1 can be inserted into the first groove 42G1,
the second claw portion 48C2 can be inserted into the
second groove 42G2, and the third claw portion 48C3
can be inserted into the third groove 42G3.

[0088] The nut part 52, the slider 44, and the driver 42
are configured to move in the forward direction X1 and
the rearward direction X2, and thus the nut part 52, the
slider 44, and the driver 42 may be referred to as move-
ment portions.

[0089] FIG. 8Ais a partially enlarged view obtained by
cutting the binding machine 10 along a vertical cross sec-
tion including the central axis 50AX of the ball screw 50
in a side view obtained by seeing the binding machine
10 from a side surface. FIG. 8B is a partially enlarged
view obtained by cutting the binding machine 10 along a
vertical cross section perpendicular to the central axis
50AX of the ball screw 50 in a rear view obtained by
seeing the binding machine 10 from the rearward direc-
tion X2. FIG. 9 is a partially enlarged view illustrating the
nut part 52 and the like in a perspective sectional view
of the binding machine 10.

[0090] As illustrated in FIG. 8B, an elastic member 49
for generating an elastic force for pressing a bottom sur-
face of the switching block 48 against the surface of the
base 46 is inserted between the nut part 52 and the
switching block 48. Accordingly, the switching block 48
is configured to move in the up-down direction, and a
distance in the up-down direction between the nut part
52 and the switching block 48 varies according to a sur-
face shape of the base 46 through which the switching
block 48 passes.

[0091] In the present embodiment, the nut part 52 is
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configured to move in the forward direction X1 and the
rearward direction X2 by a motor 54 and the ball screw 50.
[0092] The motor 54 (FIG. 4A) rotates the ball screw
50. The motor 54 is provided at a rear end portion of the
binding machine 10. The binding machine 10 may include
a battery that is detachably provided, and the motor 54
may be configured to be rotationally driven by a power
source of the battery. The binding machine 10 according
to the present embodiment further includes a speed re-
ducer 55, and the motor 54 increases a torque by the
speed reducer 55 to rotate the ball screw 50. In addition,
a printed wiring board on which a CPU corresponding to
a control device for controlling the motor 54 is mounted,
is mounted on the rear end portion of the binding machine
10.

[0093] The ball screw 50 (FIGS. 4A, 8A, and 8B) is
provided by extending a substantially central portion of
the binding machine 10 in the front-rear direction. As de-
scribed above, the ball screw 50 is formed with the male
screw that is screwed to the female screw of the nut part
52 via the ball member (not shown).

[0094] The base 46 (FIGS. 4B, 8A, and 8B) supports
the driver 42 and the slider 44. As illustrated in FIG. 4B,
the base 46 includes a support surface that comes into
contact with or faces the bottom surface of the driver 42
so asto support the driver 42 from the downward direction
Z2, and awall portion extending in the front-rear direction
in order to come into contact with or face a left side sur-
face of the driver 42 so as to support the driver 42 from
the leftward direction Y2. Further, the base 46 includes
a wall portion extending in the front-rear direction in order
to come into contact with or face a right end of the driver
42 so as to support the driver 42 from the rightward di-
rection Y1. According to such a configuration, the base
46 guides the driver 42 to move in the front-rear direction.
[0095] Further, the base 46 includes a support surface
that comes into contact with or faces the bottom surface
of the slider 44 placed on the driver 42 so as to support
the slider 44 from the downward direction Z2, and a wall
portion extending in the front-rear direction in order to
come into contact with or face a left end of the slider 44
so as to support the slider 44 from the leftward direction
Y2. Further, the base 46 includes a wall portion extending
in the front-rear direction in order to come in contact with
or face a right end of the slider 44 so as to support the
slider 44 from the rightward direction Y1. According to
such a configuration, the base 46 guides the slider 44 to
move in the front-rear direction.

[0096] As illustrated in FIG. 9, the base 46 is formed
with a first protrusion 46A1 provided with a taper that
protrudes in the upward direction Z1 as advancing in the
rearward direction X2, a second protrusion 46A2 provid-
ed with a taper that protrudes in the upward direction Z1
as advancing in the forward direction X1, and a third pro-
trusion 46A3 provided with a taper that protrudes in the
upward direction Z1 as advancing in the rearward direc-
tion X2.

[0097] The first protrusion 46A1 is provided on a path
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of the first claw portion 48C1 (inside the first groove
42G1)when the driver 42 moves in the rearward direction
X2.

[0098] The second protrusion 46A2 is provided on a
path of the second claw portion 48C2 (inside the second
groove 42G2) when the driver 42 moves in the forward
direction X1.

[0099] The third protrusion 46A3 is provided on a path
of the third claw portion 48C3 (inside the third groove
42G3)when the driver 42 moves in the rearward direction
X2.

[0100] Each of the first protrusion 46A1 to the third pro-
trusion 46A3 is preferably formed to have the same height
as the driver 42 (a plate thickness of the driver 42) or be
higher than the driver 42.

[0101] The first protrusion 46A1 and the third protru-
sion 46A3 are provided at the same position in the front-
rear direction. The second protrusion 46A2 is provided
in the forward direction X1 with respect to the first pro-
trusion 46A1 and the third protrusion 46A3.

[0102] According to the above configuration, when the
motor 54 rotates the ball screw 50 clockwise, the nut part
52, the slider 44 fixed to the nut part 52, and the switching
block 48 held by the nut part 52 move together in the
forward direction X1. Further, since the first claw portion
48C1, the second claw portion 48C2, and the third claw
portion 48C3 of the switching block 48 are respectively
inserted into the first groove 42G1, the second groove
42G2, and the third groove 42G3, a front surface of the
first claw portion 48C1 and a front surface of the third
claw portion 48C3 respectively come into contact with a
side surface of the first groove 42G1 facing the rearward
direction X2 and a side surface of the third groove 42G3
facing the rearward direction X2. Therefore, the switching
block 48 pressed against the surface of the base 46 by
the elastic member 49 moves the driver 42 in the forward
direction X1 by the front surface of the first claw portion
48C1 and the front surface of the third claw portion 48C3
while pressing the surface of the base 46 in the downward
direction Z2. As a result, the driver 42 and the slider 44
move together in the forward direction X1. A moving op-
eration in which the driver 42 and the slider 44 move
together in the forward direction X1 is referred to as a
first moving operation.

[0103] Thereafter, when the switching block 48 ad-
vances to a position where the second protrusion 46A2
is provided, the second claw portion 48C2 moves in the
upward direction Z1 along an inclined surface of the sec-
ond protrusion 46A2. Therefore, the switching block 48
moves in the upward direction Z1 while moving in the
forward direction X1. As a result, the front surface of the
first claw portion 48C1 and the front surface of the third
claw portion 48C3 move in the upward direction Z 1 with
respect to the side surface of the first groove 42G1 and
the side surface of the third groove 42G3 that are in con-
tact with the front surface of the first claw portion 48C1
and the front surface of the third claw portion 48C3, re-
spectively. Accordingly, the switching block 48 moves on
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the driver 42, and the driver 42 stops moving in the for-
ward direction X1. At this time, the first moving operation
ends.

[0104] After the first moving operation ends, when the
motor 54 further rotates the ball screw 50 clockwise, the
switching block 48 moves on the driver 42 in the forward
direction X1. At this time, of the slider 44 and the driver
42, only the slider 44 moves in the forward direction X1.
A moving operation in which only the slider 44 of the
driver 42 and the slider 44 moves in the forward direction
X1 is referred to as a second moving operation. When
the slider 44 advances by a predetermined amount with
respect to the driver 42, the motor 54 stops the clockwise
rotation of the ball screw 50. At this time, the second
moving operation ends.

[0105] During the second moving operation, there is a
possibility that the driver 42 advances by the friction with
the switching block 48 and the driver 42. Therefore, the
binding machine 10 may include a stopper for stopping
the advance of the driver 42 during the second moving
operation. For example, by adopting a configuration in
which an opening hole is formed on the base 46, the
stopper such as a ball biased in the upward direction Z1
from the opening hole is exposed, and on the other hand,
arecess into which the ball is inserted is provided on the
bottom surface of the driver 42, and the stopper and the
recessed portion are engaged with each other at a posi-
tion where the first moving operation ends and the move-
ment of the driver 42 toward the forward direction X1 is
to be stopped, it is possible to restrain the advance and
retraction of the driver 42 during the second moving op-
eration.

[0106] As will be described later, in the first moving
operation, by pushing the staple S positioned at the upper
end in the forward direction X1 by using the driver 42
moving in the forward direction X1, it is possible to move
the staple S positioned at the upper end in the forward
direction X1 and separate the staple S from the another
staple S. Further, in the first moving operation, by bringing
the tip end portion S1A of the first leg portion S 1 into
contact with the first outer wall portion 62 while moving
the staple S positioned at the upper end in the forward
direction X1 by using the driver 42 moving in the forward
direction X1, itis possible to displace (plastically deform)
the first leg portion S1 such that the bending angle a1
formed by the tip end portion S1A of the first leg portion
S1 and the first portion S 1B of the first leg portion S 1 is
further reduced.

[0107] Further, in the second moving operation, the
driver 42 stops the movement toward the forward direc-
tion X1, and thus the staple S pushed by the driver 42
also stops the movement toward the forward direction
X1. Accordingly, in a state where the staple S is stopped,
by causing the slider 44 to advance in the second moving
operation, it is possible to push the second arm 32 of the
second displacement portion 30 in the forward direction
X1 by the second front end portion 44A2 of the slider 44
so as to rotate, and displace the second leg portion S2
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of the staple S so as to be surrounded by the first leg
portion S1, the second leg portion S2, and the main body
portion S3 and be engaged with the first object G. Further,
in the state where the staple S is stopped, by rotating the
first arm 22 of the first displacement portion 20 by the
first front end portion 44A1 of the slider 44, it is possible
to displace the first leg portion S1 of the staple S so as
to be engaged with the first object G.

[0108] The binding machine 10 may further include a
sensor other than a Hall sensor for obtaining a rotation
amount of the motor 54 in order to control movement
amounts of the driver 42 and the slider 44. In addition,
the binding machine 10 may further include a magnet
attached to the nut part 52 in order to detect and control
a position of the nut part 52 in the front-rear direction,
and a sensor other than a Hall sensor for obtaining a
position of the magnet attached to the nut part 52.
[0109] After a binding operation ends, when the motor
54 rotates the ball screw 50 counterclockwise, the nut
part 52, the slider 44 fixed to the nut part 52, and the
switching block 48 held by the nut part 52 move together
in the rearward direction X2. At this time, the switching
block 48 moves on the stopped driver 42 in the rearward
direction X2.

[0110] Further, when the motor 54 rotates the ball
screw 50 counterclockwise, the second claw portion
48C2 of the switching block 48 moves in the downward
direction Z2 while moving in the rearward direction X2
along the inclined surface of the second protrusion 46A2
provided on the base 46, and thus the first claw portion
48C1, the second claw portion 48C2, and the third claw
portion 48C3 of the switching block 48 are respectively
inserted into regions inside the first groove 42G1, the
second groove 42G2, and the third groove 42G3. In ad-
dition, when the motor 54 rotates the ball screw 50 coun-
terclockwise, the switching block 48 moves in the rear-
ward direction X2, and a rear surface of the second claw
portion 48C2 of the switching block 48 comes into contact
with a side surface of the second groove 42G2 facing the
forward direction X1. Therefore, the switching block 48
moves the driver 42 in the rearward direction X2 by the
rear surface of the second claw portion 48C2 while press-
ing the surface of the base 46 in the downward direction
Z2 by the elastic member 49. At this time, the nut part
52, the slider 44, the switching block 48, and the driver
42 move together in the rearward direction X2.

[0111] Further, when the motor 54 rotates the ball
screw 50 counterclockwise and the switching block 48
retracts to the position where the first protrusion 46A1
and the third protrusion 46A3 are provided, the first claw
portion 48C1 and the third claw portion 48C3 of the
switching block 48 respectively move in the upward di-
rection Z 1 along inclined surfaces of the first protrusion
46A1 and the third protrusion 46A3. Therefore, the
switching block 48 moves in the upward direction Z1 while
moving in the rearward direction X2. As a result, the rear
surface of the second claw portion 48C2 moves in the
upward direction Z1 with respect to the side surface of
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the second groove 42G2 that is in contact with the rear
surface of the second claw portion 48C2. Accordingly,
the switching block 48 moves on the driver 42, and the
driver 42 stops moving in the rearward direction X2. In
order to restrict the movement of the driver 42 toward the
rearward direction X2, the binding machine 10 may in-
clude a stopper having the above configuration or other
configurations.

[0112] Thereafter, when the motor 54 further rotates
the ball screw 50 counterclockwise, the switching block
48 moves on the driver 42 in the rearward direction X2.
At this time, of the driver 42 and the slider 44, only the
slider 44 moves in the rearward direction X2. When the
slider 44 retracts by a predetermined amount with respect
to the driver 42, the motor 54 stops the counterclockwise
rotation of the ball screw 50.

[0113] Thereafter, when the motor 54 rotates the ball
screw 50 clockwise, the nut part 52, the slider 44 fixed
to the nut part 52, and the switching block 48 held by the
nut part 52 move together in the forward direction X1.
Since the nut part 52, the slider 44, and the switching
block 48 are moved together in the forward direction X1
to a position where the first claw portion 48C1 and the
third claw portion 48C3 of the switching block 48 respec-
tively come into contact with or approach close to a side
surface of a front end of the first groove 42G1 and a side
surface of a frontend of the third groove 42G3, and there-
after, it is possible to shift to the first moving operation.

[0114] According to the above configuration, the bind-
ing machine 10 is configured to execute the first moving
operation in which the driver 42 and the slider 44 advance
together, and the second moving operation in which only
the slider 44 of the driver 42 and the slider 44 further
move in the forward direction X1.

[0115] A position of the nut part 52 in an initial state is
not limited. For example, the binding machine 10 may
have a configuration in which only the slider 44 moves
in the forward direction immediately after startup from
the initial state, and then the first moving operation which
the driver 42 and the slider 44 start is executed.

[Feeding-Bending Mechanism of Detachment Portion]

[0116] The detachment portion includes a support wall
that supports the staple S in the movement path of the
staple S separated by the driver 42 and moving in the
forward direction X1 and during the displacement by the
first displacement portion 20 and the second displace-
ment portion 30.

[0117] Asillustratedin FIG. 10, the detachment portion
56 is provided to vertically move with the movement of
the slider 44. A gap 56A in which a part of the slider 44
enters with the movement of the slider 44 is formed in
the detachment portion 56. Since a part of the slider 44
enters the gap 56A of the detachment portion 56, a ver-
tical position of the detachment portion 56 can be stabi-
lized, and the deformation of the staple S can be reliably
performed.
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[0118] FIGS. 11A and 11B are partially enlarged views
illustrating the front end portion of the binding machine
10 in the initial state (a standby state) in the front view
and the top view, respectively.

[0119] When the staple S moves in the forward direc-
tion X1 by the driver 42, the tip end portion S1A of the
first leg portion S1 passes through the first outer wall
portion 62 while being in contact therewith, and thus the
first outer wall portion 62 executes plastic deformation
so as to further reduce the bending angle a1 formed by
the tip end portion S1A of the first leg portion S1 and the
first portion S 1B of the first leg portion S1 (a portion
connectedtothe tip end portion S1A of the first leg portion
S1).

[0120] Accordingly, the firstouter wall portion 62 is pro-
vided at a position where only a part of the tip end portion
S1A of the first leg portion S 1 of the staple S is in contact
with the first outer wall portion 62.

[0121] The firstinner wall portion 64 is provided inside
the first leg portion S1 to support the first leg portion S1
from the inside when the first leg portion S1 of the staple
S moves in the forward direction X1 by the driver 42 and
when the first leg portion S1 is displaced. The first inner
wall portion 64 includes a bottom surface provided along
a movement path of the first leg portion S 1, and a wall
surface provided substantially parallel to the front-rear
direction, which is a movement direction of the first leg
portion S 1, and supporting the first leg portion S1 from
the inside.

[0122] On the other hand, the first outer wall portion
62 is provided to include a wall surface inclined such that
a gap with the wall surface of the first inner wall portion
64 becomes small toward the forward direction X1. Ac-
cording to such a configuration, it is possible to displace
the tip end portion such that the bending angle a1 be-
comes small as the tip end portion S1A of the first leg
portion S 1 advances in the forward direction X1.
[0123] Further, the first outer wall portion 62 according
to the present embodiment at least includes a first region
62A (FIG. 11B) where a wall surface in which a gap with
the wall surface of the first inner wall portion 64 is rela-
tively largely reduced is formed, and a second region 62B
(FIG. 11B) provided in the forward direction X1 with re-
spect to the first region 62A, and in the second region
62B, a wall surface in which a gap with the wall surface
of the first inner wall portion 64 is slightly reduced is
formed.

[0124] When an average reduction rate of the gap (a
distance in a left-right direction perpendicular to the for-
ward direction X1) between the wall surface of the first
outer wall portion 62 and the wall surface of the firstinner
wall portion 64 in the first region 62A is set to a first re-
duction rate, and an average reduction rate of the gap
(the distance in the left-right direction perpendicular to
the forward direction X1) between the wall surface of the
first outer wall portion 62 and the wall surface of the first
inner wall portion 64 in the second region 62B is setto a
second reduction rate, an absolute value of the first re-
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duction rate is larger than an absolute value of the second
reduction rate. In other words, an angle formed by the
front-rear direction in the top view and the wall surface
of the first region 62A of the first outer wall portion 62 is
larger than an angle formed by the front-rear direction in
the top view and the wall surface of the second region
62B of the first outer wall portion 62.

[0125] As the bending angle a1 of the bent portion de-
creases, the elastic force repelling the displacement be-
comes smaller, and thus it is possible to smoothly bend
the tip end portion S1A of the first leg portion S 1 by the
above configuration.

[0126] The wall surface with which the first leg portion
S1 does not come into contact is not limited to the above
configuration. For example, the first inner wall portion 64
may be provided to restrict the displacement of the first
portion S 1B in the upward direction Z1 by providing a
wall surface provided to protrude an upper portion of the
first inner wall portion 64 in the outward direction and
face an upper surface of the first portion S 1B.

[0127] Further, the firstinner wall portion 64 is formed
with a through hole for allowing the tip end portion S1A
and the contact member 24 to pass through the down-
ward direction Z2 with respect to the first portion S1B
(FIG. 5).

[Support Wall of Detachment Portion]

[0128] The detachment portion further includes a sec-
ond inner wall portion 66 having a wall surface that is
provided inside the second leg portion S2 to support the
second leg portion S2 from the inside when the second
leg portion S2 is displaced. The second inner wall portion
66 further includes a bottom surface provided substan-
tially parallel to the front-rear direction along a movement
path of the second leg portion S2.

[0129] A front end of the second inner wall portion 66
functions as a fulcrum when the second leg portion S2
is bent. Therefore, the front end of the second inner wall
portion 66 is provided at a position by the second distance
DS2 from the tip end of the second leg portion S2, which
is a bent portion of the second leg portion S2. Since the
second leg portion S2 needs to have a distance for clos-
ing the opening, the front end of the second inner wall
portion 66 needs to be provided at a position separated
by a distance equal to or larger than the width of the
opening of the staple S from the tip end of the second
leg portion S2. The tip end portion S2A of the second leg
portion S2 is supported by a tip end supporting portion
68. The width of the opening of the staple S corresponds
to a width between the wall surface of the first inner wall
portion 64 and the wall surface of the second inner wall
portion 66. Therefore, the second inner wall portion 66
is provided such that a distance between the tip end sup-
porting portion 68 (a surface thereof facing the tip end of
the second leg portion S2) and the frontend of the second
inner wall portion 66 is larger than the width between the
wall surface of the first inner wall portion 64 and the wall
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surface of the second inner wall portion 66, which corre-
sponds to the width of the opening of the staple S.
[0130] The second displacement portion 30 further in-
cludes the tip end supporting portion 68 that supports the
tip end portion S2A of the second leg portion S2. The tip
end supporting portion 68 includes the support wall por-
tion 68A that has a wall surface provided inside the sec-
ond leg portion S2 and supporting the tip end portion S2A
from the inside.

[First Displacement Portion]

[0131] The first displacement portion 20 has a function
of displacing the first leg portion S1 so as to be engage-
able with the first object G.

[0132] The first displacement portion 20 according to
the present embodiment includes the first arm 22 that
rotates by being pushed by thefirstfrontend portion 44A1
of the slider 44, and the contact member 24 (the claw
member) that bends the tip end portion S1A of the first
leg portion S1 to plastically deform by moving toward the
inward direction of the staple S while being in contact
with the tip end portion S1A of the first leg portion S1 as
the first arm 22 rotates.

[0133] First, a configuration of the first front end portion
44A1 of the slider 44 will be described.

[0134] Asillustrated in FIGS. 7A and 7B, the first front
end portion 44A1 of the slider 44 is provided to extend
in the forward direction X1 at an end portion of the slider
44 in the leftward direction Y2. The first front end portion
44A1 includes a first protruded portion 44A11 that pro-
trudes in the upward direction Z1 in order to rotate the
first arm 22 in the first rotation direction R1 by coming
into contact with the first arm 22 at the time of the move-
ment in the forward direction X1, and a second protruded
portion 44A12 that rotates the first arm 22 in the second
rotation direction R2 opposite to the first rotation direction
R1 by coming into contact with the first arm 22 at the time
of the movement in the rearward direction X2.

[0135] The first protruded portion 44A11 is provided in
the rearward direction X2 with respect to the second pro-
truded portion 44A12. Further, the first protruded portion
44A11 is provided outside (in the leftward direction Y2)
with respect to the second protruded portion 44A12. Ac-
cording to such a configuration, since a distance between
the rotation shaft of the first arm 22 and the first protruded
portion 44A11 can be set to be larger than a distance
between the rotation shaft of the first arm 22 and the
second protruded portion 44A12, it is possible to gener-
ate a large rotation torque at the time of advance having
a high load.

[0136] The first front end portion 44A1 of the slider 44
further includes a protruding end portion 44A13 extend-
inginthe forward direction X1. The protruding end portion
44A13 restrains the bending of the first portion S1B by
pressing the first portion S1B connected to the tip end
portion S1A of the first leg portion S1 from the upward
direction Z1 at the time of the plastic deformation of the
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tip end portion S1A of the first leg portion S1.

[0137] Next, the first arm 22 of the first displacement
portion 20 will be described. The first arm 22 is a member
that rotates in a first direction by being pushed in the
forward direction X1 by the first front end portion 44A1
of the slider 44, and translates the contact member 24 in
the inward direction.

[0138] FIG. 12Ais a partially enlarged view illustrating
the front end portion of the binding machine 10 during a
plastic deformation start time by the first displacement
portion 20 in the top view, and FIG. 12B is a partially
enlarged view of a cross section of the first displacement
portion 20 in a left side view, and FIG. 12C is an enlarged
perspective view of the front end portion of the binding
machine 10. However, for the sake of convenience, parts
unnecessary for the description are omitted in FIGS. 12A
to 12C.

[0139] Asillustrated in FIG. 12A and the like, a rotation
shaft 22AX of the first arm 22 is provided in the outward
direction (in the rightward direction Y1) of the first leg
portion S1 of the staple S and in the forward direction
X1. Further, the rotation shaft 22AX of the first arm 22 is
provided perpendicular to the front-rear direction so as
to extend in the up-down direction. Thefirstarm 22 further
has a portion that is provided to extend from the rotation
shaft 22AX toward the rearward direction X2 at the time
of standby, and includes, at a rear end of this portion, a
wall portion that protrudes in the downward direction Z2
and extends to be inclined toward the rearward direction
X2 and the inward direction. A surface of the wall portion
facing the rearward direction X2 faces the rearward di-
rection X2 and the outward direction in the initial state,
and a surface of the wall portion facing the forward di-
rection X1 faces the forward direction X1 and the inward
direction. The surface of the wall portion facing the rear-
ward direction X2 includes a surface in contact with the
advancing first protruded portion 44A11. The wall portion
moves to penetrate through a region between the first
protruded portion 44A11 and the second protruded por-
tion 44A12 while rotating in the first rotation direction R1
by being in contact with the first protruded portion 44A11.
In addition, the surface of the wall portion facing in the
forward direction X1 includes a surface in contact with
the retracting second protruded portion 44A12. Accord-
ingly, the wall portion is configured to return to an original
position while rotating in the second rotation direction R2
opposite to the first rotation direction R1 by being in con-
tact with the second protruded portion 44A12.

[0140] As illustrated in FIG. 12C, a protruded portion
22C protruding in the downward direction Z2 is further
provided at the rear end portion of the first arm 22. The
protruded portion 22C is engaged with arecessed portion
24A provided at an end portion of the contact member
24. Since the protruded portion 22C rotates in the first
rotation direction R1 around the rotation shaft 22AX of
the first arm 22, the contact member 24 is configured to
advance toward the inward direction of the staple S.
[0141] FIG. 13 is a perspective view of the contact
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member 24 (the claw member). The contact member 24
has a function of plastically deforming the tip end portion
S1A of the first leg portion S 1 of the staple S by being
pressed by the first arm 22 and advancing in a direction
inclined toward the inward direction of the staple S and
the downward direction Z2. By the contact member 24,
the tip end portion S1A of the first leg portion S1 is bent
such that the tip end portion S1A intersects the first por-
tion S1B connected to the tip end portion S1A of the first
leg portion S1 in the top view, and the tip end advances
in the downward direction Z2 separated from the plane
PL penetrating through the firstleg portion S1, the second
leg portion S2, and the main body portion S3 before the
binding. By plastically deforming the tip end portion S 1A
of the first leg portion S 1 in the inward direction and the
downward direction Z2 in a state of sandwiching the first
object G, the tip end portion S 1A of the first leg portion
S1 can sandwich the first object G without interfering with
the first portion S1B.

[0142] Asillustratedin FIG. 13, at a tail end of the con-
tact member 24, the recessed portion 24A that is en-
gaged with the protruded portion 22C of the first arm 22
protruding in the downward direction Z2 is provided.
When the protruded portion 22C of the firstarm 22 rotates
in the first rotation direction R1, a side surface of the
recessed portion 24A comes into contact with the pro-
truded portion 22C, and the contact member 24 advanc-
es in the direction inclined toward the inward direction
and the downward direction Z2, when the protruded por-
tion 22C rotates in the second rotation direction R2, an-
other side surface of the recessed portion 24A comes
into contact with the protruded portion 22C, and the con-
tact member 24 returns in a direction inclined toward the
upward direction Z1 and the outward direction.

[0143] A tip end of the contact member 24 includes a
contact surface 24B that comes into contact to grip the
tip end portion, and a corner portion 24C that is provided
at a connection portion between the contact surface 24B
and a side surface and applies a stress for plastically
deforming the tip end portion. Here, the contact surface
24B is formed to be recessed to conform to a shape of
the cross section of the staple S. Further, the contact
surface 24B is formed to be inclined so as to come in
contact with the tip end portion S 1A prior to the corner
portion 24C. According to such a configuration, after the
tip end portion S1A is taken in by the contact surface 24B
to be gripped, the tip end portion S1A can be plastically
deformed by the corner portion 24C, and thus it is pos-
sible to stabilize the position of the tip end portion S1A
plastically deformed by the corner portion 24C.

[0144] FIG. 14 is a sectional view of the tip end portion
S1A after the plastic deformation by the contact member
24 in the front view, and is an enlarged view of a region
A in this cross section. As illustrated in FIG. 14, the con-
tact member 24 is placed on an inclined surface of the
base 46 inclined to descend in the inward direction, and
thus the contact member 24 is guided to advance in a
direction inclined toward the inward direction of the staple
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S (a direction approaching the second arm 32) and the
downward direction Z2. The first portion S 1B of the first
leg portion S 1 is supported by the bottom surface of the
slider 44 from the upward direction Z1, and is supported
by the first inner wall portion 64 from the inside and the
downward direction Z2 (excluding a portion where the tip
end portion S1A passes through the downward direction
Z2 with respect to the first portion S 1B). In addition, the
contact surface 24B of the contact member 24 faces an
outer surface of the first portion S1B at the time of the
plastic deformation. Therefore, it is possible to restrain
the bending of the first portion S 1B at the time of the
plastic deformation of the tip end portion S1A of the first
leg portion S 1.

[Second Displacement Portion]

[0145] Theseconddisplacementportion 30 has afunc-
tion of displacing the second leg portion S2 so as to be
engageable with the first object G.

[0146] The second displacement portion 30 includes
the second arm 32 that bends the second leg portion S2
to plastically deform by rotating in the first rotation direc-
tion R1 by the second front end portion 44A2 of the slider
44,

[0147] First, a configuration of the second front end
portion 44A2 of the slider 44 will be described.

[0148] As illustrated in FIGS. 7A and 7B, the second
front end portion 44A2 of the slider 44 is provided to ex-
tend in the forward direction X1 at an end portion of the
slider 44 in the rightward direction Y1. The second front
end portion 44A2 includes a first surface 44A21 and a
second surface 44A22 formed to face the forward direc-
tion X1 in order to rotate the second arm 32 in the first
rotation direction R1 by coming into contact with the sec-
ond arm 32 at the time of the movement in the forward
direction X1, and a third surface 44A23 provided in the
forward direction X1 with respect to the first front surface
44A21 and the second surface 44A22 and formed to face
the rearward direction X2. By disposing arear end portion
32B ofthe second arm 32 between the first surface 44A21
and the second surface 44A22, and the third surface
44A23, the second arm 32 rotates in the first rotation
direction R1 at the time of the advance of the slider 44,
and the second arm 32 rotates in the second rotation
direction R2 and returns to an original position at the time
of the retraction of the slider 44.

[0149] The first surface 44A21 of the slider 44 corre-
sponds to a surface where the first front end portion 44A1
of the advancing slider 44 first comes into contact with
the rear end portion 32B of the second arm 32. A surface
of the rear end portion 32B of the second arm 32 that
comes into contact with the first surface 44A21 is referred
to as a first rear end surface 32B1.

[0150] The second surface 44A22 of the slider 44 cor-
responds to a surface where the second front end portion
44A2 of the slider 44, which further advances after the
first surface 44A21 comes into contact with the first rear
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end surface 32B1 and the second arm 32 starts rotating
in the first rotation direction R1, comes into contact with
the rear end portion 32B of the second arm 32. A surface
of the rear end portion 32B of the second arm 32 that
comes into contact with the second surface 44A22 is re-
ferred to as a second rear end surface 32B2.

[0151] As illustrated in FIG. 7B and the like, the first
surface 44A21 is provided in the upward direction Z1 with
respect to the second surface 44A22 in terms of the up-
down direction, the first surface 44A21 is provided in the
rearward direction X2 with respect to the second surface
44A22 in terms of the front-rear direction, and the first
surface 44A21 is provided in the rightward direction Y1
with respect to the second surface 44A22 in terms of the
left-right direction, that is, the first surface 44A21 is pro-
vided in the outward direction (the rightward direction Y1)
with respect to the second surface 44A22 with the staple
S as a reference.

[0152] According to this configuration, the slider 44 can
further push the second arm 32 by the second surface
44A22 after pushing the second arm 32 by the first sur-
face 44A21, and thus it is possible to increase a rotation
angle of the second arm 32 with respect to a stroke of
the slider 44.

[0153] Further, the slider 44 and the second arm 32
are formed such that an angle (an example of a "first
angle") formed by a normal line of the first rear end sur-
face 32B 1 at a contact point (an example of a "first con-
tact point") in contact with the first surface 44A21 of the
slider 44 and a straight line connecting the first contact
point and a rotation shaft 32AX is closer to 90 degrees
than an angle (an example of a "second angle") formed
by a normal line of the second rear end surface 32B2 at
a contact point (an example of a "second contact point")
in contact with the second surface 44A22 of the slider 44
and a straight line connecting the second contact point
and the rotation shaft 32AX when there is no first contact
point.

[0154] When the contact point is switched by the rota-
tion of the second arm 32, the slider 44 and the second
arm 32 are formed such that an angle (an example of the
"first angle") formed by a normal line of the first rear end
surface 32B1 at a contact point (an example of the "first
contact point") in contact with the first surface 44A21 of
the slider 44 and a straight line connecting the first contact
point and the rotation shaft 32AX is equal to an angle (an
example of the "second angle") formed by a normal line
of the second rear end surface 32B2 at a contact point
(an example of the "second contact point") in contact with
the second surface 44A22 of the slider 44 and a straight
line connecting the second contact point and the rotation
shaft 32AX. Alternatively, the slider 44 and the second
arm 32 are formed such that the angle (an example of
the "second angle") formed by the normal line of the sec-
ond rear end surface 32B2 at the contact point (an ex-
ample of the "second contact point") in contact with the
second surface 44A22 of the slider 44 and the straight
line connecting the second contact point and the rotation
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shaft 32AX is close to 90 degrees.

[0155] According to this configuration, it is possible to
set a rotational moment when the first surface 44A21 is
in contact with the first rear end surface 32B 1 to be rel-
atively larger than a rotational moment when the second
surface 44A22 is in contact with the second rear end
surface 32B2.

[0156] Aswillbedescribed later,the second leg portion
S2 needs to bend two portions simultaneously at the start
of rotation of the second arm 32, and thus a large load
is applied to the second arm 32 at the start of rotation.
Therefore, by pushing the second arm 32 in the forward
direction X1 by the first surface 44A21 of the slider 44 at
the start of rotation having the load, it is possible to gen-
erate a relatively large rotational moment on the second
arm 32. In order to increase the rotational moment, a
distance between the rotation shaft 32AX of the second
arm 32 and the firstrear end surface 32B 1 may be larger
than a distance between the rotation shaft 32AX of the
second arm 32 and the second rear end surface 32B2.
In other words, the distance between the rotation shaft
32AX of the second arm 32 and the second rear end
surface 32B2 may be smaller than the distance between
the rotation shaft 32AX of the second arm 32 and the first
rear end surface 32B1.

[0157] Next, the second arm 32 will be described. FIG.
15 is a perspective view of the second arm 32 as seen
from below. FIGS. 16A and 16B are respectively a plan
view and a rear view of the second arm 32.

[0158] As illustrated in FIGS. 15, 16A, and 16B, the
second arm 32 includes the rear end portion 32B that
extends in the rearward direction X2 from the rotation
shaft 32AX in the initial state, and a tip end portion 32C
that extends in the forward direction X1 with respect to
the rotation shaft 32AX.

[0159] Since thefirstrear end surface 32B 1 of the rear
end portion 32B is provided in the rearward direction X2
with respect to the second rear end surface 32B2, it is
possible to bring the first surface 44A21 of the slider 44
into contact with the first rear end surface 32B 1, and
then bring the second surface 44A22 into contact with
the second rear end surface 32B2.

[0160] The rotation shaft 32AX is provided in the left-
ward direction Y2 (the inward direction) which is closer
to a center than the first rear end surface 32B 1 and the
second rear end surface 32B2. Therefore, since the rear
end portion 32B is pushed in the forward direction X1,
the tip end portion 32C of the second arm 32 rotates in
the first rotation direction R1 which is directed to a direc-
tion approaching the inward direction of the staple S and
the first arm 22.

[0161] Further, the rotation shaft 32AX is provided to
be inclined so as to advance in the inward direction (the
leftward direction Y2) toward the downward direction Z2.
Therefore, the tip end portion 32C of the second arm 32
rotating in the first rotation direction R1 is provided to
advance in the upward direction Z1 as the tip end portion
32C rotates in the first rotation direction R1. As a result,
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the second leg portion S2 of the staple S plastically de-
formed by the second arm 32 also advances in the up-
ward direction Z1 as the second arm 32 rotates, and is
configured to be engaged with the first object G at a po-
sition in the upward direction Z1 with respect to the plane
PL penetrating through the firstleg portion S1, the second
leg portion S2, and the main body portion S3 before the
binding.

[0162] The tip end portion 32C of the second arm 32
includes a main body portion 32C1 that comes into con-
tactwith the second leg portion S2, and a protrusion 32C2
for bending back. The main body portion 32C1 is provided
such that two protruded portions protruding in the first
rotation direction R1 are vertically separated from each
other ataposition separated from the rotation shaft 32AX.
By vertically sandwiching the second leg portion S2 by
using the protruded portions, it is possible to firmly hold
and plastically deform the second leg portion S2.
[0163] The second arm 32 includes the protrusion
32C2 for bending back that is provided at a position ad-
vanced in the first rotation direction R1 with respect to
the main body portion 32C1, and protrudes in the down-
ward direction Z2. By rotating the second arm 32 in the
second rotation direction R2 and returning the second
leg portion S2 in the second rotation direction R2 by the
protrusion 32C2 after rotating the second arm 32 in the
first rotation direction R1 and bending the second leg
portion S2, it is possible to engage the tip end portion
S2A of the second leg portion S2 with the first object G.
[0164] The protrusion 32C2 for bending back is formed
to be inclined so as to protrude in the downward direction
Z2 as advancing in the first rotation direction R1. Accord-
ing to such a configuration, when the second arm 32 is
rotated in the second rotation direction R2, the protrusion
32C2 for bending back can smoothly move over the sec-
ond leg portion S2 engaged with the first object G while
returning the second leg portion S2 in the second rotation
direction R2. A biasing force toward the upward direction
Z1 by the pusher 16 is applied to the plastically deformed
staple S via the staple S in the downward direction Z2.
An elevation angle of the second leg portion S2 at the
time of the displacement (for example, 10 degrees to 45
degrees with respect to the plane PL penetrating through
the first leg portion S1, the second leg portion S2, and
the main body portion S3 before the binding) and an in-
clination angle of the bending-back protrusion 32C2 are
designed such that the protrusion moves over the second
leg portion S2 against the biasing force.

[Binding Method Using Binding Machine]

[0165] Hereinafter, a binding method using the binding
machine 10 will be described.

[0166] As described above, FIGS. 11A and 11B are
partially enlarged views illustrating the front end portion
of the binding machine 10 in the initial state (the standby
state) in the front view and the top view, respectively.
[0167] Atthistime, the staple S positioned at the upper
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end is connected to one or more staples S accommodat-
ed in the magazine 14 in the downward direction Z2. Fur-
ther, the driver 42 is positioned in the rearward direction
X2 with respect to the main body portion S3 of the staple
S positioned at the upper end. There is a slight gap be-
tween a front end of the driver 42 and the main body
portion S3 of the staple S positioned at the upper end.
The protruding end portion 44A13 of the slider 44 pro-
vided at a left end slightly overlaps with the staple S.
[0168] FIGS. 17A and 17B are partially enlarged views
illustrating the front end portion of the binding machine
10 in the front view and the top view immediately after
the user operates the switch and the driver 42 starts mov-
ing, respectively. When the user operates the switch, the
motor 54 starts rotating, and the ball screw 50 accordingly
rotates clockwise, and thus the nut part 52 and the slider
44 fixed to the nut part 52 start moving toward the forward
direction X1. The first claw portion 48C1 and the third
claw portion 48C3 of the switching block 48 held by the
nut part 52 are inserted into the first groove 42G1 and
the third groove 42G3, and thus the front surface of the
first claw portion 48C1 and the front surface of the third
claw portion 48C3 are in contact with the side surface of
the first groove 42G1 facing the rearward direction X2
and the side surface of the third groove 42G3 facing the
rearward direction X2, respectively, and the movement
of the driver 42 toward the forward direction X1 is started.
Accordingly, the first moving operation in which the driver
42 and the slider 44 advance together is started.

[0169] Asillustratedin FIG. 8A, the base 46 is provided
such that the height of the driver 42 substantially coin-
cides with the staple S positioned at the upper end.
Therefore, the frontend surface 42S of the driver 42 mov-
ing on the base 46 in the forward direction X1 comes into
contact with the main body portion S3 of the staple S
positioned at the upper end, and presses the main body
portion S3 of the staple S in the forward direction X1. A
separation block 18 (FIG. 5) for prohibiting the movement
of the staple S in the downward direction Z2 toward the
forward direction X1 is provided inside the staple S in the
downward direction Z2. Therefore, only the staple S po-
sitioned at the upper end is separated from the another
staple S in the downward direction Z2 and moves on the
separation block 18 in the forward direction X1.

[0170] FIG. 18 is a partially enlarged view illustrating
the front end portion of the binding machine 10 in the top
view when the driver 42 advances and the tip end portion
S1A of the first leg portion S 1 of the staple S advances
on a guiding path of the detachment portion. Since a front
view thereof is the same as FIG. 17A, the front view is
omitted.

[0171] Since the ball screw 50 continuously rotates
clockwise, the slider 44 moves in the forward direction
X1.Therefore, the first front end portion 44A1 of the slider
44 advances such that the protruding end portion 44A13
is positioned on the first leg portion S 1, and the second
front end portion 44A2 advances along a right end of the
binding machine 10. The driver 42 advances together
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with the slider 44. The tip end portion S1A of the first leg
portion S 1 comes into contact with the wall surface of
the first region 62A corresponding to an entering portion
of the first outer wall portion 62. In addition, the inside of
the first portion S 1B of the first leg portion S 1 comes
into contact with the wall surface of the first inner wall
portion 64. Since the distance between the wall surface
of the first outer wall portion 62 and the wall surface of
the first inner wall portion 64 decreases as the driver 42
advances in the forward direction X1, the first leg portion
S 1 is plastically deformed such that the bending angle
a1 isreduced as the driver 42 advances. At this time, the
protruding end portion 42B of the driver 42 supports the
first portion S1B and a left end of the main body portion
S3 from the outside, and the protruding end portion
44A13 of the slider 44 comes into contact with an upper
surface of the first leg portion S1 to press the first leg
portion S1 from the upward direction Z1, and thus the
bending of the first portion S 1B is restrained. Since the
distance between the wall surface of the first outer wall
portion 62 and the wall surface of the first inner wall por-
tion 64 in the firstregion 62A is relatively largely reduced,
an angle between the tip end portion S1A and the first
portion S 1B of the first leg portion S 1 and the first portion
S 1B is relatively largely reduced. Since the distance be-
tween the wall surface of the first outer wall portion 62
and the wall surface of the first inner wall portion 64 in
the subsequent second region 62B is relatively slightly
reduced, the bending angle is relatively slightly reduced.
[0172] FIG. 19 is a partially enlarged view of the front
end portion of the binding machine 10 in the top view
when the driver 42 advances and the tip end portion S1A
of the first leg portion S 1 of the staple S passes through
the first outer wall portion 62. Since a front view thereof
is the same as FIG. 17A, the front view is omitted. As
illustrated in FIG. 19, when the tip end portion passes
through the first outer wall portion 62, the tip end portion
is plastically deformed, and the bending angle a1 is large-
ly reduced.

[0173] FIG. 20 is a partially enlarged view illustrating
a state where the driver 42 advances most and the staple
S reaches a displacement start position in the top view.
At this time, the bent portion of the first leg portion S 1 of
the staple S reaches a front end of the first inner wall
portion 64 (an inner wall surface of the first inner wall
portion 64 facing the rearward direction X2), and the tip
end portion S2A of the second leg portion S2 reaches a
front end of the tip end supporting portion 68 (an inner
wall surface of the tip end supporting portion 68 facing
the rearward direction X2). Since a front view thereof is
the same as FIG. 17A, the front view is omitted.

[0174] At this time, the bent portion of the first leg por-
tion S1 and an inner side surface and a lower surface of
the first portion S 1B are supported by the first inner wall
portion 64 from the downward direction Z2 and the right-
ward direction Y1 (the inward direction). Further, the bent
portion of the first leg portion S1 is also supported by the
first inner wall portion 64 from the forward direction X1.
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Further, the upper surface of the first portion S 1B is sup-
ported from the upward direction Z 1 by the protruding
end portion 44A13 of the first front end portion 44A1 of
the slider 44.

[0175] On the other hand, an inner side surface and a
lower surface of the tip end portion S2A of the second
leg portion S2 are supported by the tip end portion from
the downward direction Z2 and the leftward direction Y2
(the inward direction).

[0176] Further, an inner side surface of the main body
portion S3 and aninner side surface of a connection por-
tion with the main body portion S3 of the second leg por-
tion S2 are supported by the second inner wall portion
66 from the inward direction.

[0177] At this time, the second claw portion 48C2 of
the switching block 48, which pushes the driver 42 in the
forward direction X1, moves in the upward direction Z1
by the second protrusion 46A2. As a result, since the
switching block 48 moves on the driver 42, the driver 42
stops moving in the forward direction X1, and the first
moving operation ends. At the same time, the ball biased
in the upward direction Z1 from the hole formed in the
base 46 is fitted into the recessed portion provided in the
bottom surface of the driver 42 and functions as a stop-
per, and thus the movement of the driver 42 toward the
forward direction X1 or the rearward direction X2 is re-
strained by a frictional force with the switching block 48.
[0178] The first protruded portion 44A11 and the sec-
ond protruded portion 44A12 of the first front end portion
44A1 of the slider 44 approach a rear end of the first arm
22. In addition, the first surface of the second front end
portion 44A2 of the slider 44 approaches or comes into
contact with the first rear end surface 32B 1 of the second
arm 32.

[0179] Atfter the first moving operation ends, the motor
54 stops rotating by the control device. At this time, the
user sets the first object G and the second object P at
predetermined positions of the binding machine 10. In
the present embodiment, the first object G is a string that
functions as a guide element. Accordingly, the user in-
serts the string, which is the first object G, into the bent
portion of the first leg portion S1. In the present embod-
iment, the second object P is a stem. Accordingly, the
user inserts the stem, which is the second object P, into
a region surrounded by the staple S. The portions of the
binding machine 10 where the first object G and the sec-
ond object P are inserted may be referred to as a first
insertion portion and a second insertion portion. In the
present embodiment, the first object G is inserted into
the bent portion of the first leg portion S 1 supported by
the firstinner wall portion 64, and thus the first inner wall
portion 64 corresponds to the first insertion portion. Fur-
ther, the second object P is inserted into the recessed
portion of the binding machine 10 provided to be re-
cessed in the rearward direction X2 so as to be sand-
wiched by the first inner wall portion 64 and the second
inner wall portion 66, and thus the recessed portion cor-
responds to the second insertion portion.
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[0180] FIGS.21A and 21B are partially enlarged views
illustrating the front end portion of the binding machine
10 in the front view and the top view when the user inserts
the first object G into the firstinsertion portion and inserts
the second object P into the second insertion portion,
respectively.

[0181] Thereafter, when the user operates the switch,
orwhenitis detected that the firstobject G and the second
object P are inserted by sensors such as contact sensors
respectively provided in the first insertion portion and the
second insertion portion, the motor 54 starts rotating
again. The motor 54 restarts rotating, and the ball screw
50 accordingly rotates clockwise, and thus the nut part
52 and the slider 44 fixed to the nut part 52 start moving
in the forward direction X1. Since the switching block 48
advances on the driver 42, the driver 42 does not ad-
vance. Therefore, the second moving operation in which
only the slider 44 of the driver 42 and the slider 44 ad-
vances is started.

[0182] FIGS.22A and 22B are partially enlarged views
illustrating the front end portion of the binding machine
10 in the front view and the top view when the slider 44
further advances in the second moving operation, re-
spectively. In the second moving operation, the driver 42
does not advance. Therefore, the inner side surface of
the main body portion S3 of the staple S is supported by
the first inner wall portion 64 and the second inner wall
portion 66, and an outer side surface thereofis supported
by the driver 42 and is static.

[0183] The first protruded portion 44A11 of the first
front end portion 44A1 of the slider 44 comes into contact
with the surface of the wall portion facing the rearward
direction X2, which extends in a direction inclined to pro-
trude in the downward direction Z2 with respect to the
rear end portion of the first arm 22, and pushes the first
arm 22 in the forward direction X1. The rotation shaft
22AX of the first arm 22 is provided at a position in the
forward direction X1 and the outward direction (the left-
ward direction Y2) with respect to the first protruded por-
tion 44A11 at this time. Therefore, the first arm 22 starts
rotating in the first rotation direction R1. The wall portion
of the rear end portion of the first arm 22 rotates in the
first rotation direction R1 while passing through a region
of a gap between the first protruded portion 44A11 and
the second protruded portion 44A12. At this time, the first
leg portion S1 is not plastically deformed by the first dis-
placement portion 20.

[0184] On the other hand, the first surface 44A21 of
the second front end portion 44A2 comes into contact
with the first rear end surface 32B 1 of the second arm
32, and pushes the second arm 32in the forward direction
X1. At this time, the rotation shaft 32AX of the second
arm 32 is positioned in the forward direction X1 and the
inward direction (the leftward direction Y2) with respect
to the first rear end surface 32B 1, and thus the second
arm 32 also starts rotating in the first rotation direction
R1. The second leg portion S2 vertically sandwiched by
two protrusions of the main body portion S3 of the second
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arm 32 is bent toward the inward direction with the front
end of the second inner wall portion 66 as a fulcrum.
[0185] At this time, the tip end portion S2A of the sec-
ond leg portion S2 is supported from the inward direction
by the wall surface of the support wall portion 68A of the
tip end supporting portion 68 provided inside the second
leg portion S2. Therefore, the second leg portion S2 is
bent toward the inward direction of the staple S with the
frontend of the second inner wall portion 66 as a fulcrum,
and at the same time, the tip end portion S2A of the sec-
ond leg portion S2 is bent in the opposite direction (the
outward direction) by passing through the support wall
portion 68A while being in contact with the wall surface
of the support wall portion 68A of the tip end supporting
portion 68.

[0186] As described above, since the rotation shaft
32AX of the second arm 32 is inclined such that the ro-
tation shaft 32AX advances in the inward direction as
advancing in the downward direction Z2, the tip end por-
tion S2A of the second leg portion S2 advances in the
upward direction Z1 while approaching the first leg por-
tion S1 as rotating in the first rotation direction R1.
[0187] In addition, a period in which the tip end portion
S2A of the second leg portion S2 of the staple S and the
wall surface of the support wall portion 68A are in contact
with each other and a period in which the first surface
4421 of the slider 44 and the first rear end surface 32B
1 of the second arm 32 are in contact with each other are
configured to overlap with each other in at least a partial
period, and thus it is possible to generate a relatively
large rotational moment at the time of high load.

[0188] FIGS. 23A and 23B are partially enlarged views
illustrating the front end portion of the binding machine
10 in the front view and the top view when the slider 44
further advances in the second moving operation, re-
spectively.

[0189] The first arm 22 further rotates in the first rota-
tion direction R1 by being pushed by the first protruded
portion 44A11 of the first front end portion 44A1 of the
slider 44. At this time, since the protruding end portion
44A13 of the first front end portion 44A1 of the slider 44
reaches the front end of the first inner wall portion 64,
the slider 44 presses the upper surface of the first portion
S1B of the first leg portion S1 from the upward direction
Z1. Therefore, the first portion S1B of the first leg portion
S1 is supported by the slider 44 and the first inner wall
portion 64 from the upward direction Z1, the downward
direction Z2, and the inward direction.

[0190] The second rear end surface 32B2 of the sec-
ond arm 32 further rotates in the first rotation direction
R1 by being pushed by the second surface 44A22 of the
second front end portion 44A2 of the slider 44. As illus-
trated in FIG. 23B, since the second leg portion S2 held
by the second arm 32 is bent to the position where the
second leg portion S2 intersects the first leg portion S1,
the opening provided in the staple S before the binding
is closed in the top view, and the first leg portion S 1, the
second leg portion S2, and the main body portion S3 of
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the staple S surround the second object P in the top view.
In the front view illustrated in FIG. 23A, the tip end portion
S2A of the second leg portion S2 moves in the upward
direction Z1 and approaches the first object G.

[0191] Further, the second surface 44A22 of the slider
44 and the second rear end surface 32B2 of the second
arm 32 are in contact with each other after the period in
which the tip end portion S2A of the second leg portion
S2 of the staple S and the support wall portion 68A are
in contact with each other elapses, and thusiitis possible
to generate a relatively small rotational moment at the
time of relatively low load.

[0192] FIGS. 24A and 24B are partially enlarged views
illustrating the front end portion of the binding machine
10 in the front view and the top view immediately before
the slider 44 most advances in the second moving oper-
ation, respectively.

[0193] The first arm 22 further rotates in the first rota-
tion direction R1 by being pushed by the first protruded
portion 44A11 of the first front end portion 44A1 of the
slider 44, comes into contact with the first object G, and
pushes and displaces the first object G. Further, the pro-
truded portion 22C protruding in the downward direction
Z2 with respect to the first arm 22 is in contact with the
recessed portion 24A provided at the tail end of the con-
tact member 24. Therefore, as the protruded portion 22C
of the first arm 22 rotates, the contact member 24 starts
advancing in the direction inclined toward the inward di-
rection of the staple S and the downward direction Z2.
First, the contact surface 24B of the contact member 24
comes into contact with the tip end portion S 1A of the
first leg portion S 1, and then the corner portion 24C of
the contact member 24 comes into contact with the tip
end portion S1A of the first leg portion S 1, and plastically
deforms the tip end portion to fold back. The tip end por-
tion S1A of the first leg portion S1 folded back by the
contact member 24 passes through the downward direc-
tion Z2 with respect to the first portion S1B, and is bent
to intersect the first portion S1B in the top view. As illus-
trated in FIG. 14 corresponding to a sectional view at the
position where the first portion S1B intersects the tip end
portion S1A, the tip end portion S1A can be plastically
deformed such that the first portion S 1B (the upward
direction) and the tip end portion S1A (the downward
direction) are vertically adjacent to each other. At this
time, the tip end of the contact member 24 and the tip
end of the second leg portion S2 are formed in the first
inner wall portion 64, and enter the inside of the through
hole communicating with the region surrounded by the
staple S in the top view. As illustrated in FIGS. 24A and
24B, since the first portion S1B is surrounded by the slider
44 and the first inner wall portion 64 from the upward
direction, the downward direction (excluding the portions
through which the folded-back tip end portion S1A and
the contact member 24 pass), and the inward direction,
the bending thereof is restrained.

[0194] Accordingtotheabove process, thefirstlegpor-
tion S1 sandwiches the first object G. Since the first leg
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portion S1 is plastically deformed, the first leg portion S1
and the first object G are not easily disengaged from each
other.

[0195] On the other hand, the second rear end surface
32B2 of the second arm 32 further rotates in the first
rotation direction R1 by being pushed by the second sur-
face of the second front end portion 44A2 of the slider
44. Therefore, the second leg portion S2 approaches the
second object P beyond the first object G in the top view.

[0196] Thereafter, the motor 54 rotates the ball screw
50 counterclockwise, and thus the slider 44 starts retract-
ing.

[0197] FIGS. 25A, 25B, and 25C are partially enlarged

views and a partially enlarged perspective view of the
front end portion of the binding machine 10 in the front
view and the top view after the slider 44 starts retracting.
[0198] When the slider 44 starts retracting, the second
protruded portion 44A12 of the first front end portion 44A1
of the slider 44 comes into contact with the surface facing
the forward direction X1 of the wall portion of the first arm
22 and pushes the wall portion in the rearward direction
X2, the wall portion of the first arm 22 moves to penetrate
through the region between the first protruded portion
44A11 and the second protruded portion44A12, and thus
the first arm 22 is rotated in the second rotation direction
R2.

[0199] Further, the third surface of the second front
end portion 44A2 of the slider 44 comes into contact with
the rear end portion of the second arm 32 and pushes
the second arm 32 in the rearward direction X2, and thus
the second arm 32 is rotated in the second rotation di-
rection R2. When the second arm 32 rotates in a second
direction, the protrusion 32C2 for bending back of the
second arm 32, whichis provided to protrude in the down-
ward direction Z2 at the position advanced in the first
rotation direction R1 with respect to the main body portion
S3, comes into contact with the second leg portion S2
and pushes the second leg portion S2 in the second ro-
tation direction R2. Therefore, the second leg portion S2
is displaced in the second rotation direction R2, and as
a result, the bent portion of the second leg portion S2 is
engaged with the first object G. As illustrated in FIG. 25A,
the second leg portion S2 is engaged with the first object
G, and thus the first object G is displaced, and the tension
is generated between the engagement position of the
firstleg portion S1 and the first object G and the engage-
ment position of the second leg portion S2 and the second
object P. Therefore, the first object G is bent, and it is
possible to restrain the first object G and the second leg
portion S2 from being disengaged from each other.
[0200] FIGS. 26A, 26B, and 26C are partially enlarged
views and a partially enlarged perspective view of the
front end portion of the binding machine 10 in the front
view and the top view when the slider 44 further retracts.
[0201] The second protruded portion 44A12 of the first
frontend portion 44A1 of the slider 44 pushes the surface
of the wall portion of the first arm 22 facing the forward
direction X1 in the rearward direction X2 while being in
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contact with the surface, the wall portion of the first arm
22 moves to penetrate through the region between the
first protruded portion 44A11 and the second protruded
portion 44A12, and thus the first arm 22 is further rotated
in the second rotation direction R2.

[0202] When the first arm 22 further rotates in the sec-
ond rotation direction R2 and rotates to an initial position
illustrated in FIG. 21B from this state, the ball member
biased by the elastic member is fitted in the recessed
portion provided in the lower surface of the first arm 22.
Therefore, the first arm 22 is held at the initial position.
[0203] The third surface of the second front end portion
44A2 of the slider 44 pushes the surface of the rear end
portion of the second arm 32 facing the forward direction
X1 in the rearward direction X2 while being in contact
with the surface, and thus the second arm 32 is further
rotated in the second rotation direction R2. Since the sec-
ond leg portion S2 is engaged with the first object G, the
protrusion 32C2 for bending back of the second arm 32
cannot further displace the second leg portion S2 in the
second rotation direction R2. Therefore, the protrusion
32C2 for bending back of the second arm 32 moves over
the second leg portion S2 while slightly pushing down
the second leg portion S2 in the downward direction Z2.
As illustrated in FIG. 26C, the binding machine 10 has a
configuration in which the biasing force toward the up-
ward direction Z1 by the pusher 16 is applied to the staple
S via the staple S in the downward direction Z2, and thus
the protrusion 32C2 for bending back moves over the
second leg portion S2 against the biasing force.

[0204] When the second arm 32 further rotates in the
second rotation direction R2 and rotates to the initial po-
sitioniillustrated in FIG. 21B from this state, the ball mem-
ber biased by the elastic member is fitted in a recessed
portion provided in a lower surface of the second arm 32.
Therefore, the second arm 32is held at the initial position.
[0205] After the binding operation ends, when the mo-
tor 54 rotates the ball screw 50 counterclockwise, the
second claw portion 48C2 of the switching block 48
moves in the downward direction Z2 while moving in the
rearward direction X2 along the inclined surface of the
second protrusion 46A2 provided on the base 46, and
thus the first claw portion 48C1, the second claw portion
48C2, and the third claw portion 48C3 of the switching
block 48 are respectively inserted into the regions inside
the first groove 42G1, the second groove 42G2, and the
third groove 42G3. At this time, the first arm 22 and the
second arm 32 approximately return to positions in the
initial state. In addition, when the motor 54 rotates the
ball screw 50 counterclockwise, the switching block 48
moves in the rearward direction X2, and a rear surface
of the second claw portion 48C2 of the switching block
48 comes into contact with a side surface of the second
groove 42G2 facing the forward direction X1. Therefore,
the switching block 48 moves the driver42inthe rearward
direction X2 by the rear surface of the second claw portion
48C2 while pressing the surface of the base 46 in the
downward direction Z2 by the elastic member 49. There-
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fore, the driver 42 can be returned to the initial state.
[0206] Accordingto the above process, the second leg
portion S2 is engaged with the first object G. As described
above, since the second leg portion S2 is engaged with
the first object G in a state where the second leg portion
S2 has passed (penetrated) through the gap between
the first object G and the second object P in the top view,
the second object P is surrounded by the staple S. There-
fore, the second object P and the staple S are restrained
from being easily disengaged from each other. Further,
even when the second object P grows and the second
leg portion S2is bent, the engagement with the first object
G is strengthened, and thus the first object G and the
staple S are alsorestrained from being easily disengaged
from each other.

[0207] However, the binding machine 10 according to
the present embodiment can be modified. For example,
the first displacement portion 20 may be configured to
plastically deform the tip end portion S1A of the first leg
portion S 1 by the first arm 22 without using the contact
member 24. For example, a part obtained by integrating
the first arm 22 and the contact member 24 may be pro-
vided, and the tip end portion S1A of the first leg portion
S 1 may be plastically deformed by rotating the part. At
this time, by providing the first arm 22 such that the ro-
tation shaft 22AX of the first arm 22 is inclined and the
first arm 22 descends as rotating in the first rotation di-
rection R1, the first arm 22 may have a configuration in
which the tip end portion passes under the first portion
S1B. On the contrary, by providing the first arm 22 such
that the first arm 22 rises as rotating in the first rotation
direction R1, the first arm 22 may have a configuration
in which the tip end portion passes above the first portion
S1B. For example, the tip end portion S1A of the firstleg
portion S1 folded back by the contact member 24 may
pass through the upward direction Z1 with respect to the
first portion S1B and may be bent to intersect the first
portion S1Bin the top view. On the otherhand, the second
leg portion S2 may be bent to advance in the downward
direction Z2 separated from the plane PL penetrating
through the second leg portion S2 and the main body
portion S3.

[0208] Further, various modifications can be made
without departing from the gist of the present invention.
For example, it is possible to add other known configu-
rations to a part of constituent elements of an embodi-
ment within the scope of the ordinary creativity of a per-
son skilled in the art. In addition, a part of constituent
elements of an embodiment may be replaced with other
known configurations. The constituent elements dis-
closed in the present application can be reasonably com-
bined or replaced with other known constituent elements
by the exhibition of the ordinary creativity of a person
skilled in the art.

[0209] The invention according to the present applica-
tion can be implemented as a binding machine or a bind-
ing method described as the following notes in addition
to the first embodiment described above.
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[0210] Thatis, the presentapplication further discloses
binding machines described below.

(Note 1)

[0211] A binding machine for binding a first object and
a second object by using a staple that includes a first leg
portion, a second leg portion, and a main body portion
connecting the firstleg portion and the second leg portion,
and that has an opening formed between the first leg
portion and the second leg portion, a tip end portion of
the first leg portion being bent in an outward direction,
the binding machine includes:

a movement portion including a driver configured to
move in a forward direction so as to move the staple
in the forward direction;

afirst displacement portion including a first outer wall
portion through which a tip end portion of the first leg
portion passes while coming into contact therewith
when the staple moves in the forward direction by
the driver, and configured to displace the first leg
portion so as to be engageable with the first object;
and

a second displacement portion configured to dis-
place the second leg portion so as to surround the
second object by using the first leg portion, the sec-
ond leg portion, and the main body portion, and to
be engageable with the first object.

(Note 1A)

[0212] A binding machine described in the present ap-
plication and to which the present configuration is appli-
cable includes the binding machine according to Note 1,
in the binding machine according to Note 1,

the first displacement portion includes a first inner
wall portion provided inside the first leg portion when
the staple moves in the forward direction by the driv-
er, and

a gap between the first outer wall portion and the
first inner wall portion reduces as advancing in the
forward direction.

(Note 1A1)

[0213] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to Note
1A, in the binding machine according to Note 1A,

the first outer wall portion includes

a first region where the gap with the first inner wall
portion reduces at a first reduction rate, and

a second region provided in the forward direction
with respect to the first region and where the gap
with the first inner wall portion reduces at a second
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reduction rate smaller than the first reduction rate.
(Note 2)

[0214] A binding machine for binding a first object and
a second object by using a staple that includes a firstleg
portion, a second leg portion, and a main body portion
connecting the firstleg portion and the second leg portion,
and that has an opening formed between the first leg
portion and the second leg portion, the binding machine
includes:

a first displacement portion including a movement
portion including a slider configured to move in a
forward direction, and a first arm configured to be
pushed by afirstfront end portion of the slider moving
in the forward direction so as to rotate, and config-
ured to engage thefirstleg portion with the first object
by using the first arm; and

a second displacement portion including a second
arm configured to be pushed by a second front end
portion of the slider moving in the forward direction
so as to rotate, and a wall portion provided inside
the second leg portion of the staple and through
which a tip end portion of the second leg portion
passes while coming into contact therewith, the tip
end portion of the second leg portion being displaced
in an inward direction of the staple by the rotation of
the second arm.

(Note 2A)

[0215] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to Note
2, in the binding machine according to Note 2,

the second displacement portion is configured to dis-
place the second leg portion in the inward direction
by the rotation of the second arm, and is configured
to bend the tip end portion of the second leg portion
in an outward direction at the same time by bringing
the tip end portion of the second leg portion into con-
tact with the wall portion and passing through the
wall portion, and

then the first displacement portion is configured to
bend a tip end portion of the first leg portion in the
inward direction of the staple by a contact member
advancing in the inward direction of the staple by the
rotation of the first arm in the first rotation direction.

(Note 2B)

[0216] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to Note
2or 2A, in the binding machine according to Note 2 or 2A,
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the second arm is configured to be pushed by the
second front end portion of the slider moving in the
forward direction and is configured to rotate in the
first rotation direction, and

the second arm has a rotation shaft inclined so that
a front end of the second arm moves in an upward
direction as the second arm rotates in the first rota-
tion direction.

(Note 2C)

[0217] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to any
one of Notes 2 to 2B, in the binding machine according
to any one of Notes 2 to 2B,

the contact member of the first displacement portion is
configured to bend the tip end portion of the first leg por-
tion to pass under the first leg portion.

(Note 3)

[0218] A binding machine for binding a first object and
a second object by using a staple that includes a first leg
portion, a second leg portion, and a main body portion
connecting the firstleg portion and the second leg portion,
and that has an opening formed between the first leg
portion and the second leg portion, the binding machine
includes:

a movement portion including a driver and a slider,
and configured to execute a first moving operation
in which the driver and the slider move in a forward
direction, and a second moving operation in which
of the driver and the slider moving in the forward
direction by the first moving operation, the slider fur-
ther moves in the forward direction;

a first displacement portion configured to displace
the first leg portion so as to be engageable with the
first object by a first front end portion of the slider
moving in the forward direction by the second moving
operation; and

a second displacement portion configured to dis-
place, by a second front end portion of the slider
moving in the forward direction by the second moving
operation, the second leg portion so as to surround
the second object by the first leg portion, the second
leg portion, and the main body portion, and to be
engageable with the first object.

(Note 3A)

[0219] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to Note
3, in the binding machine according to Note 3,

in the first moving operation, the driver is configured to
separate the staple connected to another staple from the
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other staple by moving the staple in the forward direction.
(Note 3B)

[0220] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to Note
3or3A, in the binding machine according to Note 3 or 3A,
in the first moving operation, the driver is configured to
displace a tip end portion of the firstleg portion by moving
the staple in the forward direction and bringing the tip
end portion of the first leg portion into contact with a first
outer wall portion included in the first displacement por-
tion.

(Note 4A)
[0221] A binding machine includes:

a driver for separating one staple from another sta-
ple;

a slider configured to move in a forward direction;
afirst displacement portion including a first arm con-
figured to rotate in a first rotation direction by the
slider moving in the forward direction; and

a second displacement portion including a second
arm configured to rotate in the first rotation direction
by the slider moving in the forward direction.

(Note 4B)
[0222] A binding machine includes:

a driver for separating one staple from another sta-
ple;

a slider configured to move in a forward direction;
afirst displacement portion including a first arm con-
figured to rotate in a first rotation direction by the
slider moving in the forward direction; and

a second displacement portion including a second
arm configured to rotate in a direction different from
the first rotation direction by the slider moving in the
forward direction.

(Note 4C)

[0223] In the binding machine according to Note 4A or
4B, the binding machine is configured to execute

a first moving operation in which the driver and the
slider move, and

a second moving operation in which of the driver and
the slider, only the slider moves.

(Note 5)

[0224] A binding machine for binding a first object and
a second object by using a staple that includes a firstleg
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portion, a second leg portion, and a main body portion
connecting the firstleg portion and the second leg portion,
and that has an opening formed between the first leg
portion and the second leg portion, the binding machine
includes:

a movement portion including a driver configured to
move in a forward direction so as to move the staple
in the forward direction, and a slider configured to
move in the forward direction;

a first displacement portion including a first arm con-
figured to be pushed by a first front end portion of
the slider moving in the forward direction so as to
rotate, and configured to engage the first leg portion
with the first object by using the first arm; and

a second displacement portion including a second
arm configured to be pushed by a second front end
portion of the slider moving in the forward direction
so as torotate, and configured to engage the second
leg portion with the first object by using the second
arm.

(Note 5A1)

[0225] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to Note
1, the binding machine according to Note 1 further in-
cluding:

a motor; and

a ball screw configured to be rotated by the motor,
in which

the movement portion includes a nut part formed with
afemale screw screwed with the ball screw and con-
figured to move in the forward direction integrally with
the slider by the rotation of the male screw.

(Note 5A2)

[0226] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to Note
5A1, the binding machine according to Note 5A1 includ-

ing:

a base on which the driver is placed;

a block held by the nut part; and

an elastic member disposed between the nut part
and the block and pressing the block against a sur-
face of the base, in which

the driver is configured to move in the forward direc-
tion by bringing a front surface of the block into con-
tact with a side surface of the driver.

(Note 5A2)

[0227] The binding machine described in the present
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application and to which the present configuration is ap-
plicable includes the binding machine according to Note
5A1, in the binding machine according to Note 5A1,

the driver is configured to move in the forward direction
by forming, in the driver, a groove extending in a front-
rear direction and exposing a surface of the base, and
by bringing the front surface of the block into contact with
a side surface of the groove formed in the driver.

(Note 5A3)

[0228] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to Note
1A2, in the binding machine according to Note 1A2,
the base includes a protrusion that is configured to move
the front surface of the block advancing in the forward
direction in an upward direction with respect to the side
surface of the groove formed in the driver with which the
front surface is in contact.

(Note 5A4)

[0229] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to any
one of Notes 5A1 to 5A3, in the binding machine accord-
ing to any one of Notes 5A1 to 5A3,

a second groove extending in the front-rear direction
and exposing the surface of the base is formed in
the driver, and

the driver is configured to move in a rearward direc-
tion by bringing a rear surface of the block into con-
tact with a side surface of the second groove of the
driver.

(Note 5A5)

[0230] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to Note
5A4, in the binding machine according to Note 5A4,

the base includes a second protrusion that is configured
to move the rear surface of the block advancing in the
rearward direction in the upward direction with respect
to the side surface of the second groove of the driver with
which the rear surface is in contact.

(Note 5A6)

[0231] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to Note
5A4 or 5A5, in the binding machine according to Note
5A4 or 5A5,

the block includes
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a first claw portion provided with the front surface
configured to be in contact with the side surface of
the groove, and

a second claw portion provided with the rear surface
configured to be in contact with the side surface of
the second groove.

(Note 5B1)

[0232] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to Note
5, in the binding machine according to Note 5,

the second arm is configured to be pushed by the
second front end portion of the slider moving in the
forward direction and is configured to rotate in a first
rotation direction, and

the second arm has a rotation shaft inclined so that
a front end of the second arm moves in an upward
direction as the second arm rotates in the first rota-
tion direction.

(Note 5B2)

[0233] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to Note
5 or 5B 1, in the binding machine according to Note 5 or
5B1,

the second armincludes arear end portion extending
in a rearward direction with respect to the rotation
shaft of the second armin a state before rotation, and
the rear end portion of the second arm includes

a first rear end surface with which a first surface
of the second front end portion of the slider mov-
ing in the forward direction is in contact, and
formed at a position separated from the rotation
shaft of the arm by a first distance, and

a second rear end surface with which a second
surface of the second front end portion of the
slider further moving in the forward direction is
in contact, and formed at a position separated
from the rotation shaft of the arm by a second
distance smaller than the first distance.

(Note 5B3)

[0234] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to Note
5B2, in the binding machine according to Note 5B2,

the second surface of the slider configured to be in con-
tact with the second rear end surface of the second arm
is formed in the forward direction with respect to the first
surface of the slider configured to be in contact with the
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first rear end surface of the arm.
(Note 5B4)

[0235] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to Note
5B2 or 5B3, in the binding machine according to Note
5B2 or 5B3,

in a top view, a first angle formed by a normal line of the
first rear end surface at a first contact point in contact
with the first surface of the slider and a straight line con-
necting the first contact point and the rotation shaft is
closer to 90 degrees than a second angle formed by a
normal line of the second rear end surface at a second
contact point in contact with the second surface of the
slider and a straight line connecting the second contact
point and the rotation shaft.

(Note 5B5)

[0236] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to any
one of Notes 5 to 5B4, in the binding machine according
to any one of Notes 5 to 5B4,

the second displacement portion includes a wall portion
provided inside the second leg portion of the staple mov-
ing in the forward direction by the driver and through
which a tip end portion of the second leg portion passes
while being in contact therewith, the tip end portion of the
second leg portion being displaced in an inward direction
of the staple by the rotation of the second arm.

(Note 5B6)

[0237] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to Note
5B5, in the binding machine according to Note 5B5,

a period in which the tip end portion of the second leg
portion of the staple and the wall portion are in contact
with each other and a period in which the first surface of
the second front end portion of the slider and the first rear
end surface of the second arm are in contact with each
other, overlap with each other in at least a partial period.

(Note 5B7)

[0238] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to Note
5B5 or 5B6, in the binding machine according to Note
5B5 or 5B6,

after the period in which the tip end portion of the second
leg portion of the staple and the wall portion are in contact
with each other, the contact between the second surface
of the second front end portion of the slider and the sec-
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ond rear end surface of the second arm is started.
(Note 5B8)

[0239] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to Note
5B2 or any one of Notes 5B3 to 5B7 based on Note 5B2,
in the binding machine according to Note 5B2 or any one
of Notes 5B3 to 5B7 based on Note 5B2,

the second front end portion of the slider includes a
third surface provided in the forward direction with
respect to the first surface and the second surface
and formed to face the rearward direction, and

the second arm is configured to rotate in a second
rotation direction opposite to the first rotation direc-
tion, which is a direction in which the second arm is
rotated by the slider moving in the forward direction,
by being pushed by the third surface of the slider
moving in the rearward direction.

(Note 5B9)

[0240] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to any
one of Notes 5, 5B1 to 5B8, in the binding machine ac-
cording to any one of Notes 5, 5B1 to 5B8,

the second arm includes

a main body portion that comes into contact with the
second leg portion of the staple to displace the sec-
ond leg portion in the first rotation direction when the
second arm rotates in the first rotation direction by
the slider moving in the forward direction; and

a protrusion provided at a position advanced in the
first rotation direction with respect to the main body
portion, and protruding in a downward direction in
order to come into contact with the second leg portion
of the staple to displace the second leg portion in the
second rotation direction opposite to first rotation di-
rection when the second arm rotates in the second
rotation direction by the slider moving in the rearward
direction.

(Note 5C1)

[0241] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to Note
5, in the binding machine according to Note 5,

the first front end portion of the slider includes a first pro-
truded portion that protrudes in an upward direction in
order to rotate the first arm in a first rotation direction by
coming into contact with the first arm while moving in the
forward direction.
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(Note 5C2)

[0242] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to Note
5C1, in the binding machine according to Note 5C1,
the first front end portion of the slider includes a second
protruded portion that is configured to rotate the first arm
in a second rotation direction opposite to the first rotation
direction by coming into contact with the first arm while
moving in a rearward direction.

(Note 5C3)

[0243] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to Note
5C2, in the binding machine according to Note 5C2,
the first arm includes a portion that is configured to move
to pass through a region between the first protruded por-
tion and the second protruded portion while rotating in
the first rotation direction by being in contact with the first
protruded portion moving in the forward direction.

(Note 5C4)

[0244] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to any
one of Notes 5, 5C1 to 5C3, in the binding machine ac-
cording to any one of Notes 5, 5C1 to 5C3,

the first displacement portion includes a contact member
that is configured to advance in an inward direction of
the staple by the rotation of the firstarm in the first rotation
direction.

(Note 5C5)

[0245] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to any
one of Notes 5, 5C1 to 5C4, in the binding machine ac-
cording to any one of Notes 5, 5C1 to 5C4,

the contact member is configured to advance in a direc-
tion approaching the second arm while advancing in a
downward direction by the rotation of the first arm in the
first rotation direction.

<Second Embodiment>
[Configuration of Staple]

[0246] First, a configuration of a staple S100 according
to the present embodiment will be described. The staple
S100 is formed of a plastic deformable wire material that
has plasticity. The staple S100 may be referred to as a
wire or a clip. The staple S100 includes, for example, a
metal wire material or a metallic wire (including one
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whose surface is coated by using a plating process or a
resin).

[0247] The staple S100 includes a first leg portion
S110, asecond leg portion S120, and a main body portion
S130 connecting the firstleg portion S110 and the second
leg portion S120. In a state before binding, the first leg
portion S110 and the second leg portion S 120 of the
staple S 100 are separately provided, and thus an open-
ing is provided between the first leg portion S110 and the
second leg portion S120.

[0248] In addition, a direction from a closed portion of
the main body portion S 130 (a portion extending in a
direction intersecting extending directions of the first leg
portion S110 and the second leg portion S 120 in order
to connect the first leg portion S110 and the second leg
portion S120) to the opening in the body portion S130 is
referred to as the opening direction D1. When the staple
S 100 is set in a binding machine 100, the opening di-
rection D1 of the staple S 100 coincides with the forward
direction X1, and coincides with a movement direction of
the staple S100.

[0249] The main body portion S130 is a portion con-
necting the first leg portion S110 and the second leg por-
tion S120, and surrounding the second object P such as
a stem. As illustrated in FIG. 27B, in a bound state, the
first leg portion S110 and the second leg portion S120
are engaged with the first object G which is the same
guide element, and thus itis possible to dispose the sec-
ond object P in a region surrounded by the main body
portion S130, the first leg portion S110, and the second
leg portion S120.

[0250] Aslong as the opening for disposing the second
object P therein is provided, the main body portion S 130
can be formed in various shapes such as arectangle and
a parallelogram in conformity with a shape of the second
object P. As illustrated in FIG. 27A, the main body portion
S130 according to the present embodiment is formed to
be curved in a C-like shape or an arc shape so as to open
in the leftward direction of the paper surface.

[0251] The first leg portion S110 and the second leg
portion S120 are portions for being engaged with the first
object G. As illustrated in FIG. 27A, the first leg portion
S110 includes a first portion S111 that is connected to
one end portion of the main body portion S 130 and is
bent and extends outward, and a second portion S112
thatis further bent from the first portion S111 and extends
in the opening direction D1. The first portion S111 con-
necting the main body portion S130 and the second por-
tion S112 may be referred to as a crank portion.

[0252] The second leg portion S120 includes a third
portion S123 that is connected to the other end portion
of the main body portion S130 and extends in the opening
direction D1, and a fourth portion S124 that is bent out-
ward from a tip end portion of the third portion S123. The
fourth portion S124 may be referred to as a hook portion
or a tip end portion.

[0253] Asillustratedin FIG. 27B, the third portion S123
is a portion that is bent to close the opening formed by
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the main body portion S130. In a state before bending,
the third portion S123 extends in the opening direction
D1, that is, extends substantially parallel to the second
portion S112. Therefore, itis preferable that the third por-
tion S123 is formed to be longer than a width of the open-
ing formed by the main body portion, that is, a distance
between the one end portion and the other end portion
of the main body portion S 130 and to be longer than the
second portion S112. However, when an outer diameter
of the first object G is large and when it is desired to
increase the number of turns when the tip end portion of
the first leg portion S110 is curved in a spiral shape (to
be described later), the second portion S112 may be
formed to be longer than the third portion S123.

[0254] The fourth portion S124 is a portion that is en-
gaged with the first object G which is the guide element.
The fourth portion S124 is bent in the outward direction
from a tip end of the third portion S 123. Since the third
portion S123 has elasticity in a direction in which the
closed opening is expanded and returns to an original
position, the fourth portion S124 can apply tension to the
first object G in the direction in which the opening is ex-
panded, thatis, a direction away from the first leg portion.
Accordingly, it is possible to restrain the first object G
from being bent and the staple S100 from falling off and
the like.

[0255] As illustrated in FIG. 27B, a portion of the first
leg portion S 110 that is displaced to be engaged with
the first object G may be, for example, with a radius of a
maximum circle inscribed in the main body portion S130
(corresponding to a radius of the second object P in FIG.
27B) as a reference, a portion away from a tip end of the
first leg portion S110 by a distance equal to or less than
this radius (an example of the "first distance"). A portion
of the second leg portion S120 that is displaced to be
engaged with the first object G may be, for example, with
the radius of the maximum circle inscribed in the main
body portion S130 as a reference, a portion away from
a tip end of the second leg portion S 120 by a distance
equal to or less than twice this radius (an example of the
"second distance"). According to such a configuration, it
is possible to close the opening by using the second leg
portion S120.

[0256] A shape of the staple S 100 is not limited to that
illustrated in FIG. 27A. For example, it will be understood
by a person skilled in the art that the firstleg portion S110
and the second leg portion S120 are not necessarily par-
allel to each other, and for example, even when the width
of the opening becomes narrower toward the tip end, or
the width of the opening becomes wider toward the tip
end, it is possible to bend the staple S100 such that at
least a part of the technical effects described above is
exhibited. In addition, it will be understood by a person
skilled in the art that even when the first leg portion S110
and the second leg portion S120 have the same length,
the tip end of the first leg portion S110 is surplus, but it
is possible to bend the staple S100 such that at least a
part of the technical effects described above is exhibited.
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[0257] Further, the tip end portion of the second leg
portion S 120 may not be bent in advance as in the fourth
portion S 124. It will be understood by a person skilled
in the art that even when the tip end portion of the second
leg portion S120 is not bent in advance, the second leg
portion S 120 can be displaced so as to be engageable
with the first object G by a second displacement portion
300, and thus at least a part of the technical effects de-
scribed above is exhibited.

[0258] An example of the configuration of the binding
machine 100 for bending the staple S 100 illustrated in
FIG. 27A as illustrated in FIG. 27B will be described be-
low.

[Configuration of Binding Machine]

[0259] Hereinafter, the binding machine 100 according
to the first embodiment will be described.

[0260] In order to describe a relation between relative
directions, for the sake of convenience, a leftward direc-
tion of the paper surface in FIG. 28 may be referred to
as the forward direction X1, a rightward direction of the
paper surface may be referred to as the rearward direc-
tion X2, an upper direction of the paper surface may be
referred to as the upward direction Z1, a lower direction
of the paper surface may be referred to as the downward
direction Z2, a near-side direction perpendicular to the
paper surface may be referred to as the rightward direc-
tion Y1, and a far-side direction perpendicular to the pa-
per surface may be referred to as the leftward direction
Y2. The top view refers to the viewpoint when the binding
machine 100 and the like is seen from a position at the
upward direction Z1 toward the downward direction Z2,
the front view refers to the viewpoint when the binding
machine 100 and the like is seen from a position at the
forward direction X1 toward the rearward direction X2,
and the side view refers to the viewpoint when the binding
machine 100 and the like is seen toward the rightward
direction Y1 or the leftward direction Y2.

[0261] Further, when the staple S100 is setin the bind-
ing machine 100, a direction from a region surrounded
by the staple S 100 (a region into which the second object
P to be described later is inserted) toward an outer side
of the staple S100 may be referred to as an outward
direction, and a direction from the outer side of the staple
S100 toward the region surrounded by the staple S100
may be referred to as an inward direction with the staple
S 100 as a reference.

[0262] FIG. 28 is a sectional view of the binding ma-
chine 100 in a right side view. FIG. 29 is a sectional view
(a plan view) of the binding machine 100 in an initial state
(a standby state) in the top view (However, for the sake
of convenience, FIG. 29 is rotated by 90 degrees. Here-
inafter, the drawings may be rotated in the same manner
for the sake of convenience. Further, in order to make
the description easier to understand, a part of the con-
figuration may be omitted in the drawings.
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[Schematic Configuration of Binding Machine 100]

[0263] The binding machine 100 binds the first object
G and the second object P by using the staple S100 hav-
ing the formed opening.

[0264] ThefirstobjectGis, forexample, awire,abeam,
a string, a rod, a pipe, a branch of a tree, or the like. The
first object G may be referred to as a guide element. The
second object P is, for example, a stem, a vine, a branch,
a fruit of a plant, a tree, or the like. The second object P
may grow, or may be deformed. The binding machine
100 restricts the movement of the second object P with
respect to the first object G and binds the first object G
and the second object P by displacing the first leg portion
S 110 of the staple S so as to engage with the first object
G, and displacing the second leg portion S2 thereof so
as to engage with the first object G such that the staple
S100 surrounds the second object P.

[0265] The binding machine 100 includes a first dis-
placement portion 200 that displaces the first leg portion
S110 of the staple S100 so as to be engageable with the
first object G, and the second displacement portion 300
that displaces the second leg portion S120 of the staple
S100 so as to be engageable with the first object G. The
second displacement portion 300 is configured to bind
the first object G and the second object P by engaging
the tip end portion S 124 of the second leg portion S 120
with the first object G in a state where the second object
P is surrounded by the first leg portion S110, the second
leg portion S120, and the main body portion S130 of the
staple S100.

[0266] More specifically, the binding machine 100 in-
cludes a grip 112 extending in the up-down direction so
as to be gripped by the user and provided with a switch
for driving the binding machine 100, a magazine 114
(FIG. 28) configured to accommodate a plurality of the
staples S100 stacked in the up-down direction, a pusher
116 for biasing the plurality of staples S100 accommo-
dated in the magazine 114 toward the upward direction
Z1, a driver 420 (FIG. 29) that pushes the staple S100
positioned at an upper end toward the forward direction
X1 coinciding with the opening direction D1 to separate
the staple S100 positioned at the upper end from another
staple S100 and move the staple S100 in the forward
direction X1, a movement mechanism for moving the
driver 420, the first displacement portion 200 for displac-
ing the firstleg portion S 110 of the staple S100 by curving
or bending the first leg portion S110 (FIG. 29. The first
displacement portion 200 may be referred to as aclincher
portion.), the second displacement portion 300 (FIG. 29)
for displacing the second leg portion S120 of the staple
S100 by curving or bending the second leg portion S120,
and a lid 170 for assisting the plastic deformation of the
first leg portion S 110 by the first displacement portion
200 by vertically moving according to the advance and
retraction of the driver 420.
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[Driver and Movement Mechanism for Driver]

[0267] The driver 420 of the binding machine 100 has
a function of moving in the forward direction X1 to move
the staple S100 in the forward direction. The driver 420
is configured to separate the staple S100 positioned at
the upper end, which is connected to the another staple
S100, from the another staple S100 by moving the staple
S100in the forward direction. The driver 420 is configured
to plastically deform the first leg portion S110 by further
moving the separated staple S100 in the forward direc-
tion X1 and bringing the first leg portion S110 into contact
with the first displacement portion 200, and to plastically
deform the second leg portion S120 by bringing the sec-
ond leg portion S120 into contact with a first guiding wall
312 and a second guiding wall 320 (FIG. 35A and the
like) included in the second displacement portion 300.
[0268] A nutpart152 (FIG. 29) of the binding machine
100 has a function of moving the driver 420 in the forward
direction X1 and the rearward direction X2. The nut part
152 according to the present embodiment is formed with
a female screw that is screwed to a male screw of a ball
screw 150 via a ball member (not shown). Therefore, the
nut part 152 moves in the forward direction X1 when the
ball screw 150 rotates clockwise, and the nut part 152
moves in the rearward direction X2 when the ball screw
150 rotates counterclockwise. The nut part 152 is fixed
to the driver 420.

[0269] The nut part 152 and the driver 420 are config-
ured to move in the forward direction X1 and the rearward
direction X2, and thus the nut part 152 and the driver 420
may be referred to as movement portions.

[0270] A motor 154 (FIG. 29) rotates the ball screw
150. The motor 154 is provided at a rear end portion of
the binding machine 100. The binding machine 100 may
include a battery that is detachably provided, and the
motor 154 may be configured to be rotationally driven by
a power source of the battery. The binding machine 100
according to the present embodiment further includes a
speed reducer 155 engaged with an output shaft of the
motor 154, and the motor 154 increases a torque by the
speed reducer 155 to rotate the ball screw 150. In addi-
tion, a printed wiring board on which a CPU correspond-
ing to a control device for controlling the motor 154 is
mounted, is mounted on the rear end portion of the bind-
ing machine 100.

[0271] The ball screw 150 (FIG. 29) is provided by ex-
tending a substantially central portion of the binding ma-
chine 100 in the front-rear direction. As described above,
the ball screw 150 is formed with the male screw that is
screwed to the female screw of the nut part 152 via the
ball member (not shown).

[0272] The base supports the driver 420. The base in-
cludes a support surface that comes into contact with or
faces a bottom surface of the driver 420 so as to support
the driver 420 from the downward direction Z2, and a
wall portion extending in the front-rear direction in order
to come into contact with or face a left side surface of the
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driver 420 so as to support the driver 420 from the leftward
direction Y2. Further, the base 46 includes a wall portion
extending in the front-rear direction in order to come into
contact with or face a right end of the driver 420 so as to
support the driver 420 from the rightward direction Y1.
According to such a configuration, the base 46 guides
the driver 420 to move in the front-rear direction.
[0273] A separation block 118 (FIG. 29) separates the
staple S100 positioned at the upper end from the staple
S100 positioned in the downward direction Z2. The sep-
aration block 118 is configured to prohibit the movement
of the staple S100 in the downward direction Z2 toward
the forward direction X1 by being provided inside the sta-
ple S100 positioned in the downward direction Z2. A re-
cessed portion forinserting the second object P is formed
in a front end surface of the separation block 118. There-
fore, the separation block 118 also functions as the sec-
ond insertion portion into which the second object P is
inserted.

[0274] According to the above configuration, when the
motor 154 rotates the ball screw 150 clockwise, the nut
part 152 and the driver 420 fixed to the nut part 152 move
in the forward direction X1, and when the motor 154 ro-
tates the ball screw 150 counterclockwise, the nut part
152 and the driver 420 fixed to the nut part 152 move in
the rearward direction X2.

[0275] The binding machine 100 may further include a
sensor other than a Hall sensor for obtaining a rotation
amount of the motor 154 in order to control a movement
amount of the driver 420, the binding machine 100 may
further include a magnet attached to the nut part 152 in
order to detect and control the position of the nut part
152 in the front-rear direction, and a sensor other than a
Hall sensor for obtaining a position of the magnet at-
tached to the nut part 152, and the control device is con-
figured to control the motor 154 based on information
obtained by these sensors.

[0276] The driver 420 (FIG. 29) is formed in a plate
shape and includes a front end portion having a front end
surface in contact with the main body portion S130 of the
staple S100.

[0277] The frontend surface of the driver 420 includes
a flat surface that extends in the left-right direction in the
top view in accordance with a shape of the crank portion
S 111 of the staple S100, a curved surface that is con-
nected to the flat surface and is curved to be recessed
in the rearward direction in the top view in conformity with
a shape of the main body portion S 130 of the staple S
100, and a ceiling surface that covers upper surfaces of
the main body portion S130 of the staple S100 and the
crank portion S111. When the driver 420 advances, the
curved surface comes into contact with the main body
portion S130, and the flat surface comes into contact with
the crank portion S111, and thus the crank portion S111
can be restrained from being bent. A portion where the
flat surface being in contact with the crank portion S111
is provided may be referred to as a shoulder portion of
the driver 420, and a portion where the curved surface
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being in contact with the main body portion S130 is pro-
vided may be referred to as a curved portion of the driver
420.

[0278] As described above, the binding machine 100
includes the motor 154, the control device for controlling
the motor 154, the speed reducer 155 for increasing the
torque of the motor 154, the ball screw 150 connected
to the speed reducer 155, and the nut part 152 configured
to move in the front-rear direction, which is a central axis
direction of the ball screw 150 by the clockwise rotation
or the counterclockwise rotation of the ball screw 150,
and the driver 420 is fixed to the nut part 152 by means
such as boltfixing. Therefore, the driver 420 is configured
to move integrally with the nut part 152 in the front-rear
direction.

[Crank Holding Mechanism]

[0279] The binding machine 100 may further include a
crank holding mechanism 180 for restraining the bending
of the crank portion S111 of the staple S100. FIG. 30A
is a perspective view of the crank holding mechanism
180, and FIG. 30B is a vertical sectional view penetrating
through a second holding portion 184 of the crank holding
mechanism 180 in the front view.

[0280] The crank holding mechanism 180 includes a
first holding portion 182 that supports the crank portion
S111 of the staple S100 from the inward direction (the
forward direction X1) of the staple S100, and the second
holding portion 184 that supports the main body portion
S130 connected to the crank portion S111 from the in-
ward direction (the rightward direction Y1) of the staple
S100. A surface of the first holding portion 182 facing the
rearward direction comes into contact with a front surface
of the crank portion S111 to support the crank portion
S111. Since a rear surface of the crank portion S111 is
in contact with the flat surface of the driver 420 facing
the forward direction, it is possible to support the crank
portion S111 of the staple S100 in a sandwiching manner
from the outer side and the inner side of the staple S100
(from the front-rear direction).

[0281] Ontheotherhand, a surface ofthe second hold-
ing portion 184 facing the outward direction (the leftward
direction Y2) comes into contact with an inner side sur-
face of the main body portion S130 of the staple S100 to
support the main body portion S130. Since an outer side
surface of the main body portion S130 comes into contact
with the curved surface of the driver 420, it is possible to
support the main body portion S130 in a sandwiching
manner from the outer side and the inner side of the staple
S100. In addition to the above configuration, it is possible
to support the staple S100 from the up-down direction
by the ceiling surface of the driver 420 and an upper
surface of the separation block 118. Accordingly, it is
possible to support the staple S100 from four directions,
that is, the upward, downward, leftward, and rightward
directions. Therefore, it is possible to advance the staple
S100 while maintaining the shapes of the curved main
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body portion S130 and the crank portion S111 which is
likely to bend by bending.

[0282] The crank holding mechanism 180 may be en-
tirely or partially constituted by a biasing member. For
example, when the crank holding mechanism 180 is con-
stituted by an elastic member and is in a state of being
biased in the rearward direction, it is possible to press
the first holding portion 182 against the front surface of
the crank portion S111 and support the crank portion
S111.

[0283] Further, the binding machine 100 may include
a mechanism for moving the crank holding mechanism
180 after the binding. For example, the binding machine
100 may include a mechanism in which the crank holding
mechanism 180 is set to the state of being biased in the
rearward direction, the upper surface of the separation
block 118 in contact with the bottom surface of the crank
holding mechanism 180 is inclined in the upward direc-
tion, and the advancing crank holding mechanism 180
moves in the upward direction along an inclined surface,
and thus the engagement with the crank portion S 111
of the staple S100 is automatically released.

[0284] The crank holding mechanism 180 may include
only one of the first holding portion 182 and the second
holding portion 184.

[First Displacement Portion]

[0285] The first displacement portion 200 has a func-
tion of displacing the first leg portion S110 so as to be
engageable with the first object G.

[0286] The firstdisplacement portion 200 according to
the presentembodiment includes a hole 210 formed with
a cylindrical inner wall surface where the tip end portion
of the first leg portion S110 advances in the downward
direction while being curved in an arc shape or a spiral
shape by the tip end of the second portion S112 of the
first leg portion S110 of the staple S 100 being inserted
as the first displacement portion 200 advancing by the
driver 420, and a groove portion 211 for guiding the tip
end portion of the first leg portion S110 to the hole 210.
Since the hole 210 is provided in the forward direction
X1 with respect to the first leg portion S110, it is possible
to bring the tip end of the second portion S 112 into con-
tact with the inner wall surface of the hole 210 by the
advance of the staple S 100, and displace the tip end of
the second portion S112 in accordance with a shape of
the inner wall surface.

[0287] FIG. 31A s a perspective view of the hole 210,
and FIGS. 31B and 31C are vertical sectional views il-
lustrating states where a guiding protrusion 172 is insert-
ed into the hole 210 and advances. The hole 210 is pro-
vided to penetrate through, in the up-down direction, the
base on which the groove portion 211 as an advance
path of the first leg portion S110 is formed. Further, in
order to make the shape of the staple S 100 easier to
understand, the first object G is omitted from FIG. 31A
and the like.
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[0288] In orderto smoothly bring the tip end of the sec-
ond portion S112 of the first leg portion S110 advancing
by being pushed in the forward direction by the driver
420 into contact with the cylindrical inner wall surface of
the hole 210 from the groove portion 211, on the surface
of the base, the groove portion 211 extending in the front-
rear direction for the first leg portion S110 to advance is
formed, and the hole 210 is formed for an outer side sur-
face of the groove portion 211 to be smoothly connected
to the cylindrical inner wall surface (for a tangent line of
the inner wall surface at a connection point between the
inner wall surface and the groove to coincide with the
outer side surface of the groove in the top view).

[0289] As illustrated in FIG. 31A, the base is formed
with a guide introduction portion 190 that penetrates
through the base in the up-down direction and commu-
nicates with the hole 210 from an upper end to a lower
end. By inserting the tip end of the second portion S112
of the first leg portion S 110 into the hole 210 in a state
where, for example, a guide string which is the first object
G (FIG. 37 and the like) as a guide element is disposed
along a central axis of the hole 210 from the guide intro-
duction portion 190, the tip end of the second portion
S112 advances in a spiral manner to surround the first
object G. Therefore, it is possible to engage the first leg
portion S110 with the first object G. In addition, since the
first object G is inserted into the hole 210, the hole 210
also functions as the first insertion portion. The inventors
of the present application have paid attention to a point
that the advance of the second portion S112 toward the
downward direction Z2 can be promoted by inserting,
into the hole 210, the guiding protrusion 172 for guiding
the advance of the tip end of the first leg portion S110
toward the downward direction Z2.

[0290] The guiding protrusion 172 is inserted into the
hole 210 adjacent to the first object G such that the tip
end of the first leg portion S110 comes into contact with
the guiding protrusion 172. As illustrated in FIGS. 31B
and 31C, the guiding protrusion 172 includes an inclined
surface that is inclined to protrude in the downward di-
rection as the guiding protrusion 172 advances in a ro-
tation direction (a counterclockwise directionin FIG. 31A)
of the tip end of the second portion S112. According to
such a configuration, the tip end of the second portion
S112 comes into contact with the inclined surface of the
guiding protrusion 172 and is guided to advance in the
downward direction.

[0291] Inorderto strengthen the engagementbetween
the first object G and the first leg portion S110, an inner
diameter of the inner wall surface of the hole 210 is pref-
erably less than the total value of twice a wire diameter
of the staple S100 and the outer diameter of the first
object G. A part of the first object G or the staple S100
is crushed by setting the inner diameter in this manner,
and thus it is possible to strengthen the engagement be-
tween the staple S100 and the first object G.

[0292] The inner wall surface formed in the hole 210
may not be a cylindrical surface. For example, the hole
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210 may be configured to strengthen the engagement
between the first object G and the first leg portion S110
in the downward direction Z2 with respect to the hole 210
by forming the inner wall surface of the hole 210 to have
a circular cross section whose diameter decreases to-
ward the downward direction Z2. Further, the inner wall
surface formed in the hole 210 may be a curved surface
formedin agroove provided in an arc shape for displacing
the first leg portion S110 in an arc shape.

[0293] In addition, as illustrated in FIG. 31C, it is pref-
erable to adjust the movement amount of the driver 420
and a formation position of the hole 210 such that the tip
end of the second portion S112 extends around at least
two turns (720 degrees or more) and surrounds the first
object G. Since the tip end of the second portion S112
extends around at least two turns (720 degrees or more)
and surrounds the first object G, itis possible to strength-
en the engagement between the first object G and the
first leg portion S110.

[Movement Mechanism for Lid]

[0294] Further, the inventors of the present application
have paid attention to a point that the advance of the tip
end of the first leg portion S110 toward the downward
direction Z2 in a spiral manner against a reaction force
received by the first leg portion S110 can be promoted
by closing the hole 210 from above by using the lid 170
(FIG. 32A and the like).

[0295] Therefore, the inventors of the present applica-
tion have reached a concept of a configuration in which
the guiding protrusion 172 is provided in the lid 170, and
further have reached a concept of a configuration in which
by interlocking a moving operation of the driver 420 and
a vertical movement of the lid 170, the hole 210 is closed
by the lid 170 during the binding operation, the lid 170
rises and the hole 210 is opened after the binding. The
lid 170 has a lower surface (a bottom surface) perpen-
dicular to a central axis of the cylindrical surface included
in the hole 210 and facing the hole 210, the lid 170 closes
the hole 210 by bringing the lower surface close to the
hole 210, and the lid 170 opens the hole 210 by separat-
ing the lower surface from the hole 210.

[0296] The closing includes covering a part of the
opening of the hole 210 in order to restrain the movement
of the first leg portion S110 in the upward direction Z1.
Further, since the lid 170 is provided in the upward di-
rection Z1 with respect to the hole 210, a through hole
extending in the up-down direction for insertion of the
first object G inserted into the hole 210 is formed.
[0297] Hereinafter, a configuration for interlocking the
moving operation of the driver 420 and the vertical move-
ment of the lid 170 will be described with reference to
FIGS. 32A to 32D and 33A to 33B.

[0298] FIG. 32A is sectional view of the binding ma-
chine 100 in a left side view.

[0299] As illustrated in FIG. 32A, the binding machine
100 includes a front-rear movement part 174 that moves
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in the front-rear direction in a manner of being interlocked
with the driver 420 as a movement mechanism of the lid
170. A path is formed in the front-rear movement part
174. The path includes a first path R1 extending in the
forward direction, a second path R2 connected to a front
end of the first path R1 and extending in a direction in-
clined toward the downward direction and the rearward
direction, a third path R3 connected to a rear end of the
second path R2 and extending in the rearward direction,
and a fourth path R4 connected to a rear end of the third
path R3, extending in a direction inclined toward the up-
ward direction and the forward direction, and connected
to a rear end of the first path R1. Each path is defined
by, for example, four wall surfaces of a wall portion
formed in a parallelogram shape protruding in the left-
ward direction Y2.

[0300] However, among the four paths, two paths op-
posed to each other may not necessarily be formed in
parallel, or may be formed by a curved line. In particular,
the second path R2 and the fourth path R4 may not be
parallel to each other. Path lengths of the second path
R2 and the fourth path R4 can be changed by changing
inclination angles of the second path R2 and the fourth
path R4. Accordingly, a timing for vertically moving the
lid 170 can be changed by changing the angles of the
second path R2 and the fourth path R4.

[0301] The lid 170 preferably moves in the downward
direction so as to close the hole 210 when the tip end of
the first leg portion S110 reaches the hole 210 or imme-
diately before the tip end of the first leg portion S110
reaches the hole 210.

[0302] Further, it is preferable that the crank holding
mechanism 180 is automatically disengaged from the
crank portion S111 before a pushing member 250 to be
described later moves in the upward direction Z1.
[0303] In the present embodiment, the inclination an-
gles of the second path R2 and the fourth path R4 are
set to be different from each other such that at a time
pointwhen the tip end of the firstleg portion S110 reaches
the hole 210, after the operation of closing the hole 210
by the lid 170 ends, and the engagement with the crank
portion S111 is automatically released, the pushing
member 250 to be described later can move in the up-
ward direction Z1 to discharge a spiral portion.

[0304] Further, the movement mechanism includes a
pin 176 that advances along a path, a link 178 that is
fixed to the pin 176, and two shaft portions that restrict
the movement of the link 178 in the front-rear direction.
[0305] The pin 176 is formed, for example, in a colum-
nar shape protruding in the leftward direction Y2, and is
configured to advance along the four wall surfaces of the
wall portion formed in the parallelogram shape.

[0306] The link 178 is provided to extend in the front-
rear direction, is engaged with a first shaft portion 186 at
a front end portion, and is engaged with a second shaft
portion 188 at a rear end portion. Each shaft portion ex-
tends in the up-down direction and is fixed to a main body
of the binding machine 100, and thus the movement of
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the link 178 toward the front-rear direction is restricted
by the two shaft portions.

[0307] The movement mechanism further includes an
up-down movement part 192 engaged with the two shaft
portions, and a plurality of elastic members inserted be-
tween the up-down movement part 192 and the link 178.
The movement mechanism is configured to vertically
move the up-down movement part 192 based on the mat-
ter that an elastic force generated by the elastic member
pushed by the link 178 is varied when the link 178 verti-
cally moves as the pin 176 vertically moves. Since the
lid 170 is connected to the up-down movement part 192,
it is possible to interlock the vertical movement of the pin
176 and the vertical movement of the lid 170. Further,
the vertical movement of the pin 176 is interlocked with
the front-rear movement part 174 that moves in the man-
ner of being interlocked with the driver 420. Therefore, it
is possible to interlock the movement of the driver 420
and the vertical movement of the lid 170.

[0308] FIG. 32A shows a position of the pin 176 in the
initial state. In the initial state, the pin 176 is positioned
on the second path R2. At this time, the lid 170 closes
the hole 210.

[0309] FIG. 32B shows a position of the pin 176 when
the driver 420 is advancing after the initial state. The driv-
er 420 and the front-rear movement part 174 are config-
ured to move in an interlocked manner, and more spe-
cifically, the front-rear movement part 174 delays with a
time difference and moves in the forward direction as the
driver 420 moves in the forward direction, and the front-
rear movement part 174 delays and moves in the rear-
ward direction as the driver 420 moves in the rearward
direction.

[0310] When the front-rear movement part 174 ad-
vances as the driver 420 advances, the pin 176 posi-
tioned in the second path R2 formed to be inclined moves
in the downward direction Z2 along the second path R2.
When the pin 176 moves in the downward direction, the
link 178 also moves in the downward direction.

[0311] The first shaft portion 186 is engaged with the
link 178 and the up-down movement part 192 under the
link 178. In addition, a disc spring 194, which is an elastic
member, is inserted between the link 178 and the up-
down movement part 192 such that the first shaft portion
186 penetrates therethrough.

[0312] Therefore, as illustrated in FIG. 32B, the disc
spring 194 is compressed when the link 178 descends,
and as a result, a force for pressing down the up-down
movement part 192 in the downward direction Z2 is in-
creased. Accordingly, the lid 170 connected to the up-
down movement part 192 presses the hole 210 toward
the downward direction Z2 by using a strong force so as
to close the hole 210. Since the tip end of the first leg
portion S110 of the staple S100 is inserted (or is to be
inserted) in the hole 210, the lid 170 guides the tip end
of the first leg portion S110 to advance in the downward
direction Z2.

[0313] According to the above configuration, it is pos-
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sible to press down the lid 170 in the downward direction
Z2 when the driver 420 advances. Thus, while the pin
176 is descending on the second path R2, the lid 170
descends and can close the hole 210 with the strong
force.

[0314] As illustrated in FIGS. 32B to 32C, while the
driver 420 and the front-rear movement part 174 are fur-
ther advancing, the pin 176 advances on the third path
R3. Therefore, the pin 176 is maintained at a position in
the downward direction. Accordingly, by adopting a con-
figuration in which the pin 176 is present on the third path
R3 during the execution of the binding operation, it is
possible to achieve a mechanism for continuously press-
ing the hole 210 in the downward direction Z2 by the lid
170 so as to close the hole 210 during the binding oper-
ation.

[0315] As illustrated in FIG. 32C, when the driver 420
and the front-rear movement part 174 most advance, the
pin 176 shifts from the third path R3 to the fourth path
R4. Since the fourth path R4 extends in a direction in-
clined toward the upward direction Z1 and the forward
direction X1, the link 178 and the pin 176 move in the
upward direction by an elastic force of the disc spring
194. Similarly to the disc spring 194, on the second shaft
portion 188, it is possible to vertically move the lid 170 in
a well-balanced manner by inserting an elastic member
between the link 178 in the upward direction and the up-
down movement part 192 in the downward direction.
[0316] FIG. 32D illustrates a state when the advance
of the driver 420 has ended, and FIG. 33A illustrates a
state where the driver 420 is retracting. As illustrated in
FIGS. 32D and 33A, when the driver 420 ends the ad-
vance and starts the movement toward the rearward di-
rection, the pin 176 starts the movement toward the up-
ward direction Z1 along the fourth path R4. As the pin
176 moves toward the fourth path R4, the elastic force
obtained by the compression of the disc spring 194 is
weakened. Therefore, as illustrated in FIG. 33A, when
the pin 176 moves in the upward direction Z1, the up-
down movement part 192 and the lid 170 move in the
upward direction Z1. Therefore, the closing of the hole
210 bythelid 170 is released, and the hole 210 is opened.
Accordingly, it is possible to release the first object G
engaged with the first leg portion S110 from the binding
machine 100. Further, in order to prompt the movement
of the up-down movement part 192 toward the upward
direction Z1, it is preferable that the elastic members for
pressing up the up-down movement part 192 in the up-
ward direction Z1 are respectively inserted onto the first
shaft portion 186 and the second shaft portion 188. Ac-
cording to such a configuration, it is possible to smoothly
press up the up-down movement part 192 in the upward
direction Z1 when the elastic force obtained by the com-
pression of the disc spring 194 is weakened. Further, an
elastic member for pressing up in the upward direction
Z1 may be provided in a portion of the up-down move-
ment part 192 other than the first shaft portion 186 and
the second shaft portion 188.
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[0317] FIG. 33B illustrates a state immediately before
the retraction of the driver 420 ends. As illustrated in
FIGS. 33A to 33B, the pin 176 is maintained at a position
in the upward direction where the first path R1 is provided
while the driver 420 and the front-rear movement part
174 are moving in the rearward direction. Accordingly, it
is possible to achieve a mechanism in which the lid 170
is lifted up in the upward direction Z1 while the driver 420
is returning to the initial state after the binding.

[0318] Thereafter, when the pin 176 shifts from the first
path R1 to the second path R2, the lid 170 descends and
closes the hole 210 with a weak force.

[0319] According to the above configuration, it is pos-
sible to achieve a configuration of the lid 170 in which
the lid 170 descends to guide the first leg portion S110
of the staple S100 to be displaced in the downward di-
rection Z2 and be engaged with the first object G during
the binding operation, and the lid 170 rises to enable the
removal the first object G engaged with the first leg por-
tion S110 of the staple S100 after the binding ends.

[Holding Mechanism of First Object]

[0320] Hereinafter, a guide holding mechanism 230 for
holding the first object G in a state of being inserted into
the hole 210 will be described. Since the first object G is
inserted into the hole 210, the hole 210 may be referred
to as an insertion portion. FIG. 34 is a perspective view
of the guide holding mechanism 230. As illustrated in
FIG. 34, the guide holding mechanism 230 is formed in
a plate shape, and the guide holding mechanism 230
includes a through hole vertically penetrating through the
guide holding mechanism 230 and a notch communicat-
ing the through hole with the outer periphery of the guide
holding mechanism 230. The through hole has an inner
diameter that is the same as the outer diameter of the
first object G or smaller than the outer diameter of the
first object G in order to suitably hold the first object G.
Further, it is preferable that a central axis of the through
hole and the central axis of the hole 210 substantially
coincide with each other in the top view. According to
such a configuration, when the first object G is held by
the guide holding mechanism 230, the first object G can
be easily disposed on the central axis of the hole 210.
The guide holding mechanism 230 may be provided
above and below the hole 210, or may be provided above
or below the hole 210.

[0321] Further, the guide holding mechanism 230 may
be provided as a part of the lid 170. By providing the
guide holding mechanism 230 as a part of the lid 170, it
is possible to vertically move the guide holding mecha-
nism 230 in a manner of being interlocked with the move-
ment of the driver 420. Further, by forming the inner di-
ameter of the through hole of the guide holding mecha-
nism 230 to be smaller than the inner diameter of the
hole 210, it is possible to close a part of a region of the
hole 210 excluding a center thereof by the guide holding
mechanism 230. Since the first object G is disposed at
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the center of the hole 210 and the second leg portion
S120 advances on the outer periphery of the first object
G, by closing a part of the region of the hole 210 excluding
the center thereof by the guide holding mechanism 230,
it is possible to press the first leg portion S110 in the
downward direction and advance the tip end of the first
leg portion S110 in a spiral manner against the reaction
force received by the first leg portion S110.

[0322] Further, by providing the guiding protrusion 172
on a lower surface side of the guide holding mechanism
230, it is possible to guide the advance of the tip end of
the firstleg portion S110 toward the downward direction.

[Second Displacement Portion]

[0323] The second displacement portion 300 has a
function of displacing the second leg portion S120 so as
to be engageable with the first object G.

[0324] The second displacement portion 300 is config-
ured to displace the second leg portion S120in the inward
direction of the staple S 100 as the driver 420 moves in
the opening direction, and more specifically, is configured
to plastically deform the second leg portion S120 so as
to be curved in an arc shape in the inward direction of
the staple S100.

[0325] Specifically, as illustrated in FIG. 35A to be de-
scribed later, the second displacement portion includes
the first guiding wall 312 that is provided outside the sec-
ond leg portion S120, and comes into contact with the
second leg portion S120 of the staple S 100 moving in
the opening direction D1 (the opening direction D 1 co-
incides with the forward direction X1, and thus may be
referred to as the forward direction X1. The same applies
hereinafter) to curve the second leg portion S120. The
first guiding wall 312 includes a recessed portion 312A
that is recessed in the outward direction (the rightward
direction Y1) of the staple S100. Accordingly, the re-
cessed portion 312A includes a first recessed portion re-
gion thatis provided in the outward direction with respect
to the second leg portion S120 in the initial state and has
awall surface having a distance to the second leg portion
S120 which increases as the second leg portion S120
moves in the forward direction, and a second recessed
portion region that is connected to the first recessed por-
tion region and has a wall surface having a distance to
the second leg portion S120 which decreases as the sec-
ond leg portion S120 moves in the forward direction.
[0326] Further, the second displacement portion 300
(FIG. 35A and the like) includes the second guiding wall
320 that is provided in the forward direction X1 with re-
spect to the second leg portion S120 in the initial state
before the start of displacement, and comes into contact
with the second leg portion S120 of the staple S100 mov-
inginopeningdirection D1 to curve the second leg portion
S120. The second guiding wall 320 is provided to have
a wall surface facing the rearward direction X2. The sec-
ond guiding wall 320 includes a protruded portion 320A
thatprotrudesin the rearward direction X2. The protruded
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portion 320A includes the protruded portion 320A that is
provided in the forward direction with respect to the sec-
ond leg portion S120 in the front-rear direction and is
provided in the inward direction with respect to the sec-
ond leg portion S120 in the left-right direction in the initial
state, and the protruded portion 320A has a protruding
amount toward the rearward direction X2 that becomes
large, that is, a height from the second guiding wall 320
in the top view that becomes large as advancing toward
the leftward direction Y2 (the inward direction of the sta-
ple S 100).

[0327] The inventors of the present application have
paid attention to a point that as compared to a case where
the protruded portion 320Ais not provided, it is possible
to smoothly curve the second leg portion S120 so as to
advance toward the first leg portion S110 by providing
the protruded portion 320A.

[Binding Method Using Binding Machine]

[0328] Hereinafter, a binding method using the binding
machine 100 will be described. The first object G inserted
into the hole 210 and the second object P inserted into
the recessed portion (the second insertion portion)
formed in the separation block 118 are omitted from the
drawings for convenience of description. In addition, for
convenience of description, a part of the configuration
may be omitted from the drawings.

[0329] FIGS. 35A to 35C and FIGS. 36A to 36D are
sectional views illustrating a process of engaging the sta-
ple S100 with the first object G by using the binding ma-
chine 100 in the top view.

[0330] As illustrated in FIG. 35A, when the driver 420
moves toward the forward direction, the staple S100
pushed in the forward direction by the driver 420 moves
in the forward direction. At this time, the crank holding
mechanism 180 supports the crank portion S 111 of the
staple S 100, thereby restraining the crank portion S 111
from the bending.

[0331] As illustrated in FIG. 35B, since the second
guiding wall 320 is provided in the forward direction X1
with respect to the second leg portion S120, the hook
portion S124 of the second leg portion S120 comes into
contact with the wall surface of the second guiding wall
320 facing the rearward direction X2 and advances along
a wall surface 320B of the second guiding wall 320.
[0332] Since the wall surface 320B of the second guid-
ing wall 320 has a portion facing the rearward direction
X2 and formed to be substantially parallel to the left-right
direction, the hook portion S124 cannot advance toward
the forward direction X1 (or a movement amount of a
hook portion 240 toward the forward direction X1 is small-
er than the movement amount of the main body portion
S 130 of the staple S 100 toward the forward direction
X1). Therefore, the third portion S123 to be moved toward
the forward direction X1 is curved.

[0333] On the other hand, the first guiding wall 312 is
disposed in the outward direction (the rightward direction
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Y1) with respect to the second leg portion S120. The first
guiding wall 312 has the recessed portion 312A that in-
cludes a recessed surface 312A1 formed to face the in-
ward direction of the staple S100 and be recessed in the
outward direction (the rightward direction Y1) thereof.
[0334] Therefore, as illustrated in FIG. 35C, the third
portion S123 is curved to come into contact with at least
a portion of the recessed surface 312A1 of the recessed
portion 312A and expand in the outward direction.
[0335] Further, since the pin 176 advances on the third
path R3 during the advance of the driver 420, the lid 170
closes the hole 210 toward the downward direction Z2
by using a relatively strong force.

[0336] As illustrated in FIG. 35A, the second guiding
wall 320 includes the protruded portion 320A that in-
creases the protruding amount toward the rearward di-
rection X2 as advancing toward the inward direction (the
leftward direction Y2). Therefore, as illustrated in FIGS.
35B and 35C, the hook portion S124 is guided to advance
toward the rearward direction X2 while being in contact
with the protruded portion 320A. At this time, since the
driver 420 further advances, the third portion S123 is fur-
ther bent to come into contact with the recessed surface
312A1 of the recessed portion 312A and is curved to
largely expand in the outward direction in accordance
with a shape of the recessed surface 312A1.

[0337] As illustrated in FIGS. 36A and 36B, when the
hook portion S124 moves over the second guiding wall
320, the hook portion S124 advances in the forward di-
rection X1 due to the elasticity of the second leg portion
S2, and the third portion S 123 of the second leg portion
S2 comes into contact with the protruded portion 320A.
[0338] According to the above process, the second leg
portion S120 is displaced to be substantially curved in
the first rotation direction R1 corresponding to a clock-
wise direction in the paper surface.

[0339] By providing the second guiding wall 320, it is
possible to move, in a direction toward the inward direc-
tion of the staple S100, the hook portion S124 of the
staple S100 moving in the forward direction X1. In addi-
tion, since the recessed portion 312A having the re-
cessed surface 312A1 recessed in the outward direction
is provided in the first guiding wall 312, it is possible to
promote the curving of the second leg portion S120.
[0340] Further, since the protruded portion 320A is pro-
vided and the hook portion S124 and the third portion
S123 are brought into contact with each other, it is pos-
sible to control the hook portion S124 to be displaced in
adirection toward the first object G as compared with the
case where the protruded portion 320A is not provided.
[0341] Afterthe hook portion S124 moves overthe sec-
ond guiding wall 320, the tip end of the first leg portion
S110 starts entering the hole 210 of the first displacement
portion 200. In this way, by adopting a configuration in
which after amaximum load associated with the displace-
ment of the second leg portion S120 by the second dis-
placement portion 300 is applied, a maximum load as-
sociated with the displacement of the first leg portion
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S110 by the first displacement portion 200 is applied, it
is possible to restrain a large load from being applied to
the binding machine 100 at the same time.

[0342] As described above, the first displacement por-
tion 200 may be constituted by, for example, the hole 210
formed such that the tip end portion of the first leg portion
S110 of the staple S100 surrounds the outer periphery
of the first object G as the guide element, or advances
along the outer periphery of the first object G in a spiral
shape when the staple S100 is moved in the opening
direction D1. Since the staple S100 has flexibility and
plasticity, when the staple S100 moves in the opening
direction D1, the tip end of the first leg portion S110 ad-
vances along an inner wall of the hole 210 while being
curved in a spiral shape. Accordingly, by moving the sta-
ple S100 in the forward direction in a state where the first
object G is disposed on an axis of the spiral shape, it is
possible to engage with the tip end portion of the first leg
portion S110 of the staple S100 in a spiral shape sur-
rounding the outer periphery of the first object G with the
first object G as an axis.

[0343] At this time, since the pin 176 advances along
the third path R3, the guiding protrusion 172 provided on
the lid 170 and protruding in the downward direction en-
ters the inside of the hole 210 by the descent of the lid
170 and guides the advance of the first leg portion S110
toward the downward direction. Since the lid 170 presses
the first leg portion S110 in the downward direction, it is
possible to advance the tip end of the first leg portion
S110 in a spiral manner against the reaction force re-
ceived by the first leg portion S110.

[0344] When the driver 420 further causes the staple
S100 to advance, the hook portion S124 comes into con-
tactwith aninclined surface 232A of a guiding wall portion
232 to be described later, and moves in the upward di-
rection Z1. Then, as illustrated in FIG. 36C, the hook
portion S124 passes through a region between the first
object G inserted into the hole 210 and the second object
P inserted into the recessed portion of the separation
block 118, and advances to a position where the hook
portion S124 intersects the first leg portion S110 in the
top view. Since the second leg portion S120 including
the hook portion S124 moves in the upward direction Z1
by being in contact with the inclined surface 232A, the
second leg portion S120 or the main body portion S130
is displaced in the upward direction Z1 with respect to
the second guiding wall 320 as illustrated in FIG. 36C.
[0345] FIG. 36D illustrates a state where the driver 420
retracts after the binding. Since the staple S100 exhibits
an elastic force so as to restore as the driver 420 retracts,
the second leg portion S120 is displaced in the second
rotation direction R2, which is a direction opposite to the
first rotation direction R1, approaches the first object G,
and is engaged with the first object G. At this time, the
wall surfaces of the first guiding wall 312 and the second
guiding wall 320 may be formed to promote the move-
ment of the hook portion S124 in the upward direction Z1.
[0346] According to the binding method described
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above, it is possible to engage the first leg portion 5110
and the second leg portion S120 with the first object G
so as to surround the second object P by the first leg
portion S110, the second leg portion S120 and the main
body portion S130. FIG. 37 is a perspective view illus-
trating a state where the staple S100 is engaged with the
first object G.

[0347] The second leg portion S120 of the staple S100
is bent in the first rotation direction R1, which is substan-
tially clockwise direction in FIGS. 35A to 35C and 36A to
36D, intersects the first leg portion 5110 so as to close
the opening of the staple S100 in the state where the
second object P is surrounded by the staple S100 in the
top view, and then is engaged with the first object G from
a side where the second object P is provided. On the
other hand, the first leg portion S110 is curved in the
second rotation direction R2 and is engaged with the first
object G from the outside. Therefore, the first object G
can be engaged in a manner of being sandwiched by the
first leg portion S110 and the second leg portion S120.
Further, even when the second object P grows and
comes into contact with the second leg portion S120 and
the second leg portion S120 is bent, the engagement
with the first object G is strengthened, and thus the first
object G and the staple S100 are also restrained from
being easily disengaged from each other as the second
object P grows.

[0348] Further, the tip end of the first leg portion S 110
is bent such that the tip end advances in the downward
direction Z2 separated from a plane penetrating through
the first leg portion S110, the second leg portion S120,
and the main body portion S130 before the binding, and
is engaged with the first object G. On the other hand, the
tip end of the second leg portion S 120 is bent such that
the tip end advances in the upward direction Z 1 sepa-
rated from the plane penetrating through the first leg por-
tion S110, the second leg portion S120, and the main
body portion S130 before the binding, and is engaged
with the first object G. Therefore, it is possible to engage
both end portions of the staple S100 at different positions
of the first object G. Therefore, it is possible to easily
generate tension in a region from an engagement posi-
tion of the first object G with the first leg portion S110 to
an engagement position of the first object G with the sec-
ond leg portion S120. Accordingly, itis possible torestrain
the first object G from being bent and the staple S100
from falling off and the like.

[0349] As described above, according to the present
invention, it is possible to provide the binding machine
100 and the binding method that enable binding which
is less likely to be released.

[0350] Hereinafter, parts further included in the binding
machine 100 will be described.

[Guiding Wall Portion]

[0351] The binding machine 100 may include a guiding
wall portion 232 for leading or guiding the staple S100 in



73 EP 4 371 401 A1 74

order to engage the staple S100 with the first object G.
FIG. 38 is a partially enlarged perspective view of the
binding machine 100 at a portion including the guiding
wall portion 232.

[0352] Asillustratedin FIG. 38, the guiding wall portion
232 according to the present embodiment includes the
inclined surface 232A, a first guiding wall surface 232B,
and a second guiding wall surface 232C. The guiding
wall portion 232 stably engages the hook portion S124
with the first object G by bringing the staple S100 into
contact with these three surfaces.

[0353] The inclined surface 232A is a surface for mov-
ing the hook portion S124 of the staple S100 in the up-
ward direction Z1. In order to displace the hook portion
S124 in the upward direction Z1 as advancing toward the
first leg portion S110, the inclined surface 232A includes
an inclined surface that is provided at a position in the
rearward direction X2 with respect to the first object G at
a height so as to be in contact with the hook portion S124,
and advances in the upward direction Z1 as advancing
in the leftward direction Y2 in which the first displacement
portion 200 is provided.

[0354] By such an inclined surface 232A, it is possible
to engage the hook portion S124 with the first object G
in the upward direction Z 1 of the second portion S112
of the first leg portion S110.

[0355] The first guiding wall surface 232B is a surface
for engaging the hook portion S124 of the staple S100
with the first object G by controlling a movement direction
of a tip end of the hook portion S 124 of the staple S100.
The first guiding wall surface 232B is a wall surface erect-
ed from the inclined surface 232A, and is formed to be
inclined toward the rearward direction X2 and slightly the
inward direction at the position in the rearward direction
X2 with respect to the first object G. Further, the first
guiding wall surface 232B is provided to extend in the
leftward direction Y2 to at least the vicinity of a position
advanced from the first object G in the rearward direction
X2 in the top view.

[0356] By such a first guiding wall surface 232B, it is
possible to reliably move the tip end of the hook portion
S124 to a position beyond the first object G.

[0357] As illustrated in FIG. 38, the first guiding wall
surface 232B may be provided on an outer peripheral
surface of the guide holding mechanism 230. According
to such a configuration, it is possible to improve position-
ing accuracy of the guiding wall portion 232 with respect
to the first object G.

[0358] The second guiding wall surface 232C is a sur-
face for engaging the hook portion S124 of the staple
S100 with the first object G by controlling the movement
direction of the tip end of the hook portion S124 of the
staple S100. The second guiding wall surface 232C is
provided to be continuous with the first guiding wall sur-
face 232B, and is formed to be inclined toward the rear-
ward direction X2 and the outward direction at a position
in the rearward direction X2 with respect to the first object
G. Further, the second guiding wall surface 232C is pro-
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vided to extend to at least the vicinity of a position ad-
vanced from the first object G in the leftward direction Y2
in the top view.

[0359] By such a second guiding wall surface 232C, it
is possible to displace the tip end of the hook portion S
124 to turn around from a position separated to the out-
side of the first object G, and engage the hook portion S
124 with the first object G.

[0360] Atleasta part of the configuration of the guiding
wall portion 232 as described above may be applied to
the binding machine according to the present embodi-
ment within a reasonable range.

[Inner Fulcrum Member]

[0361] The second displacement portion 300 of the
binding machine 100 may include an inner fulcrum mem-
ber 340 for providing a bending fulcrum when the second
leg portion S 120 is bent in the inward direction of the
staple S 100. FIG. 39A is a partially enlarged perspective
view of the binding machine 100 at a portion including
the inner fulcrum member 340, and FIG. 39B is a sec-
tional view in the top view when the second leg portion
S120 is bent in the inward direction of the staple S100.
[0362] The inner fulcrum member 340 includes a sup-
port wall portion 340B that supports an inner side surface
of the third portion S 123 of the second leg portion S 120,
and a fulcrum portion 340Athat corresponds to an end
portion of the support wall portion 340B in the forward
direction X1 and provides a bending fulcrum of the third
portion S 123. Asiillustrated in FIG. 39B, when the vicinity
of afrontend of the hook portion S124 comes into contact
with the protruded portion 320A, the third portion S123
comes into contact with the fulcrum portion 340A. There-
fore, by adjusting a position of the third portion S 123 in
the front-rear direction, it is possible to adjust a radius of
an arc that approximates the bent third portion S 123.
[0363] The innerfulcrum member 340 may be provided
to be movablein the front-rear direction. Further, the bind-
ing machine 100 may include a mechanism for moving
the inner fulcrum member 340 after the binding. For ex-
ample, the inner fulcrum member 340 may be configured
to include an elastic member such as a plate spring or a
compression spring, and the inner fulcrum member 340
may be configured to be interlocked with the driver 420
such that when the driver 420 advances and the binding
operation ends, the end portion of the inner fulcrum mem-
ber 340 in the forward direction X1 moves in the upward
direction Z1 with an end portion thereof in the rearward
direction X2 as a fulcrum, and when the driver 420 re-
tracts, the end portion in the forward direction X1 returns
to a position in the initial state.

[Pushing Member]
[0364] Thefirstdisplacementportion 200 of the binding

machine 100 may include the pushing member 250 that
assists the discharge of the tip end portion (Hereinafter,
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may be referred to as a "spiral portion") of the first leg
portion S110 thatis engaged in a spiral shape to surround
the outer periphery of the first object G. FIG. 40 is a par-
tially enlarged perspective view of the binding machine
100 at a portion including the pushing member 250.
[0365] As illustrated in FIG. 40, by being inserted into
the hole 210 penetrating through the guide holding mech-
anism 230 in the up-down direction from the downward
direction Z2, the pushing member 250 pushes up a sec-
ond portion 102 of the firstleg portion S110 engaged with
the first object G in a spiral shape from the downward
direction Z2 and assists the discharge.

[0366] The pushing member 250 is configured to be
vertically movable at a position that is in the rearward
direction X2 or the rightward direction Y1 (the inward di-
rection) with respect to the first object G, and that over-
laps with the hole 210 in the top view, for example. It is
preferable to form an arc or an inclined surface on an
upper end portion of the pushing member 250 so as not
to damage the first object G and the spiral portion.
[0367] In order to configure the pushing member 250
to be vertically movable, for example, it is preferable to
connect the pushing member 250 to the up-down move-
ment part 192 or the lid 170. According to such a config-
uration, it is possible to push up the spiral portion from
the downward direction Z2 and discharge the spiral por-
tion when the lid 170 moves in the upward direction Z1
and the lid 170 is opened.

[0368] As described above, according to the present
invention, it is possible to provide a binding machine and
a binding method that enable binding which is less likely
to be released.

[0369] Further, various modifications can be made
without departing from the gist of the present invention.
For example, it is possible to add a part of constituent
elements of an embodiment to another embodiment with-
in the scope of the ordinary creativity of a person skilled
in the art. In addition, it is possible to replace a part of
constituent elements of an embodiment with correspond-
ing constituent elements of another configuration.
[0370] Forexample, the first displacement portion may
engage the first leg portion S110 with the first object G
by curving the first leg portion S110 in the first rotation
direction R1.

[0371] Further, the first displacement portion may en-
gage the first leg portion S110 with the first object G by
bending the first leg portion S110. For example, the first
leg portion S110 may be engaged with the first object G
by bending the first leg portion S110 and sandwiching
the first object G by using the first leg portion S110.
[0372] Further, the second leg portion S 120 of the sta-
ple may be configured to linearly extend. In this case,
when a wall surface through which the tip end portion of
the second leg portion S 120 passes while being in con-
tact therewith is mounted on the binding machine when
the second leg portion is displaced in the first rotation
direction, a configuration corresponding to the hook por-
tion S124 may be provided by bending the second leg
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portion S120 in the first rotation direction and bending
the tip end portion thereof in the opposite second rotation
direction.

[0373] Similarly, the constituent elements disclosed in
the present application can be reasonably combined by
the exhibition of the ordinary creativity of a person skilled
in the art.

[0374] The invention according to the present applica-
tion can be implemented as a binding machine or a bind-
ing method described as the following notes in addition
to the second embodiment described above.

[0375] Thatis, the presentapplication further discloses
binding machines described below.

(Note 6)

[0376] A binding machine for binding a first object and
a second object by using a staple that includes a first leg
portion, a second leg portion, and a main body portion
connecting the firstleg portion and the second leg portion,
and that has an opening formed between the first leg
portion and the second leg portion, the binding machine
includes:

a movement portion including a driver configured to
move in a forward direction so as to move the staple
in the forward direction;

a first displacement portion configured to move the
staple in the forward direction by the driver so as to
displace the first leg portion to be engageable with
the first object; and

a second displacement portion configured to move
the staple in the forward direction by the driver so as
to displace the second leg portion to surround the
second object by using the first leg portion, the sec-
ond leg portion, and the main body portion, and to
be engageable with the first object.

(Note 6A)

[0377] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to Note
1, in the binding machine according to Note 1,

the firstdisplacementportionincludes afirstinsertion
portion into which the first object and the first leg
portion are to be inserted, and

the first insertion portion includes an inner wall con-
figured to be engaged with the inserted first object
by curving the tip end portion of the inserted first leg
portion in an arc shape.

(Note 6A1)
[0378] The binding machine described in the present

application and to which the present configuration is ap-
plicable includes the binding machine according to Note
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6A, the binding machine according to Note 6A includes:

a lid for guiding the staple in a downward direction,
and

the lid includes a guiding protrusion that is configured
to guide the tip end portion of the first leg portion
inserted into the first insertion portion in the down-
ward direction.

(Note 6A2)

[0379] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to Note
6A1, in the binding machine according to Note 6A1,

the inner wall includes a cylindrical surface, and
the lid includes a lower surface that is perpendicular
to a central axis of the cylindrical surface and faces
the first insertion portion.

(Note 6B)

[0380] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to Note
6 or 6A1, in the binding machine according to Note 6 or
6A1,

the main body portion of the staple includes a curved
portion, and the firstleg portion includes afirst portion
bent and extending in an outward direction and a
second portion bent from the first portion and extend-
ing in an opening direction of the staple, and

the driver includes a curved portion configured to be
in contact with the main body portion and a shoulder
portion configured to be in contact with the first por-
tion.

(Note 6C)

[0381] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to any
one of Notes 6 to 6B, in the binding machine according
to any one of Notes 6 to 6B,

the second displacement portion includes a first guiding
wall formed on an outer side of the second leg portion to
face aninward direction of the staple such thatthe second
leg portion of the staple moving in the forward direction
is brought into contact with the first guiding wall and is
curved by moving the staple in the forward direction by
the driver, and a second guiding wall provided in the for-
ward direction with respect to the first guiding wall and
formed to face a rearward direction.
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(Note 6C1)

[0382] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to Note
6C, in the binding machine according to Note 6C,

the first guiding wall includes a recessed portion re-
cessed in the outward direction.

(Note 6C2)

[0383] The binding machine described in the present
application and to which the present configuration is ap-
plicable includes the binding machine according to Note
6C or 6C1, in the binding machine according to Note 6C
or 6C1,

the second guiding wall includes a protruded portion pro-
truding in the rearward direction.

(Note 7)

[0384] A binding machine for binding a first object and
a second object by using a staple that includes a first leg
portion, a second leg portion, and a main body portion
connecting the firstleg portion and the second leg portion,
and that has an opening formed between the first leg
portion and the second leg portion, the binding machine
includes:

a first displacement portion including a movement
portion configured to move in a forward direction and
a wall surface provided in the forward direction with
respect to the first leg portion, and configured to en-
gage the first leg portion with the first object by com-
ing into contact with the first leg portion of the staple
moving in the forward direction by the movement por-
tion and displacing the first leg portion; and

a second displacement portion configured to dis-
place the second leg portion so as to surround the
second object by using the first leg portion, the sec-
ond leg portion, and the main body portion, and to
be engageable with the first object by including a
second guiding wall that includes a wall surface pro-
vided in the forward direction with respect to the sec-
ond leg portion and facing the rearward direction,
and that is configured to bring the wall surface into
contact with the second leg portion of the staple mov-
ingin the forward direction by the movement portion,
and a first guiding wall that includes a recessed sur-
face provided on an outer side of the second leg
portion and recessed in an outward direction to face
the inward direction of the staple, and that is config-
ured to bend the second leg portion in contact with
the wall surface of the second guiding wall.

(Note 7A)

[0385] The binding machine described in the present
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application and to which the present configuration is ap-
plicable includes the binding machine according to Note
2A, in the binding machine according to Note 2A,

the second displacement portion is configured to pass
the tip end portion of the second leg portion through a
gap between the first object and the second object in a
top view.

[0386] The present application is based on Japanese
Patent Application No. 2021-117383 filed on July 15,
2021 and Japanese Patent Application No. 2021-117401
filed on July 15, 2021, and contents thereof are incorpo-
rated herein by reference.

REFERENCE SIGNS LIST
[0387]

10 binding machine

12 grip

14 magazine

16 pusher

18 separation block

20 first displacement portion

22 first arm

22AX rotation shaft of first arm
22C protruded portion

24 contact member (claw member)
24A recessed portion

24B contact surface

24C corner portion

30 second displacement portion
32 second arm

32AX rotation shaft of second arm
32B rear end portion

32B 1 first rear end surface
32B2 second rear end surface
32C tip end portion

32C1 main body portion

32C2 protrusion

42 driver

42S front end surface

42B protruding end portion

42C protruded portion for driver
42G1 first groove

42G2 second groove

42G3 third groove

44 slider

44A1 first front end portion
44A11 first protruded portion
44A12 second protruded portion
44A13 protruding end portion
44A2 second front end portion
4421 first surface

44A22 second surface

44A23 third surface

44B fixing portion

46 base

46A1 first protrusion
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46A2 second protrusion
46A3 third protrusion

48 switching block

48C1 first claw portion
48C2 second claw portion
48C3 third claw portion

50 ball screw

50AX central axis

52 nut part

52A holding portion

54 motor

62 first outer wall portion
62A first region

62B second region

64 first inner wall portion

66 second inner wall portion
68 tip end supporting portion
68A support wall portion

S staple

S1 first leg portion

S1A tip end portion

S1B first portion

a1 bending angle

DS1 first distance

S2 second leg portion

S2A tip end portion

DS2 second distance

S3 main body portion

G first object

P second object

PL plane

X1 forward direction

X2 rearward direction

Y1 rightward direction

Y2 leftward direction

Z1 upward direction

Z2 downward direction

D1 opening direction

R1 first rotation direction

R2 second rotation direction
100 binding machine

112 grip

114 magazine

116 pusher

118 separation block

150 ball screw

152 nut part

154 motor

170 lid

174 front-rear movement part
176 pin

178 link

186 first shaft portion

188 second shaft portion
192 up-down movement part
194 disc spring

200 first displacement portion
210 hole
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230 guide holding mechanism
250 pushing member

300 second displacement portion
312 first guiding wall

320 second guiding wall

420 driver

S100 staple

S110 first leg portion

S120 second leg portion

S130 main body portion

Claims

A binding machine for binding a first object and a
second object by using a staple that includes a first
leg portion, a second leg portion, and a main body
portion connecting the first leg portion and the sec-
ond leg portion, and that has an opening formed be-
tween the firstleg portion and the second leg portion,
comprising:

a first displacement portion configured to dis-
place the firstleg portion so as to be engageable
with the first object; and

a second displacement portion configured to
displace the second leg portion so as to sur-
round the second object by using the first leg
portion, the second leg portion, and the main
body portion, and to be engageable with the first
object.

The binding machine according to claim 1, wherein
in a top view, the second displacement portion is
configured to displace the second leg portion to a
position where the second leg portion intersects the
first leg portion.

The binding machine according to claim 1 or 2, fur-
ther comprising:

a first insertion portion into which the first object
is to be inserted; and

asecond insertion portion into which the second
object is to be inserted, wherein

the first displacement portion is configured to
displace a tip end portion of the first leg portion
so as to engage with the first object inserted into
the first insertion portion, and

the second displacement portion is configured
to displace the second leg portion so as to sur-
round the second objectinserted into the second
insertion portion.

4. Thebinding machine according to any one of claims

1 to 3, further comprising:

a movement portion configured to move the sta-
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8.

10.

82

ple in an opening direction of the staple, wherein
the second displacement portion is configured
to displace the second leg portion in an inward
direction of the staple as the movement portion
moves in the opening direction.

The binding machine according to claim 4, wherein
the second displacement portion is configured to
bend the second leg portion in the inward direction
of the staple as the movement portion moves in the
opening direction.

The binding machine according to claim 4 or 5,
wherein

the second displacement portion includes an arm
provided outside the second leg portion and config-
ured to bend the second leg portion by being in con-
tact with the movement portion moving in the open-
ing direction.

The binding machine according to claim 6, wherein

the arm is configured to be pushed by a front
end portion of the movement portion moving in
the forward direction, so as to rotate in a first
rotation direction, and

the arm has a rotation shaft inclined such that a
front end of the arm moves in an upward direc-
tion as the arm rotates in the first rotation direc-
tion.

The binding machine according to claim 7, wherein

the arm includes a rear end portion extending in
a rearward direction with respect to the rotation
shaft of the arm in a state before rotation, and
the rear end portion of the arm includes

a first rear end surface configured to be in
contact with a first surface of the front end
portion of the movement portion moving in
the forward direction, and

a second rear end surface configured to be
in contact with a second surface of the front
end portion of the movement portion further
moving in the forward direction, and formed
in the forward direction with respect to the
first surface.

The binding machine according to any one of claims
1 to 8, wherein

the first displacement portion is configured to fold
back the tip end portion of the firstleg portion to sand-
wich the first object.

The binding machine according to any one of claims
4 to 8, wherein
the first displacement portion includes a first outer
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wall portion through which the tip end portion of the
first leg portion passes while being in contact there-
with when the staple moves in the forward direction
by the movement portion.

The binding machine according to claim 8, further
comprising:

a wall portion provided inside the second leg portion
of the staple and through which a tip end portion of
the second leg portion passes while being in contact
therewith, the tip end portion of the second leg por-
tion being displaced in the inward direction of the
staple due to the rotation of the arm.

The binding machine according to any one of claims
1 to 10, wherein

the first displacement portion includes a contact
member that is configured to bend the tip end portion
of the first leg portion to pass above or below the first
leg portion.

The binding machine according to claim 4, wherein
the second displacement portion is configured to
curve the second leg portion in the inward direction
of the staple as the movement portion moves in the
opening direction.

The binding machine according to claim 4 or 13,
wherein

the second displacement portion includes a guiding
wall provided outside the second leg portion and con-
figured to curve the second leg portion of the staple
by being in contact with the second leg portion, the
staple moving in the opening direction by the move-
ment portion.

The binding machine according to claim 14, wherein
the guiding wall includes a recessed portion re-
cessed in an outward direction of the staple.

The binding machine according to any one of claims
4,13, 14, and 15, wherein

the first displacement portion is configured to be en-
gaged with the first object by curving the tip end por-
tion of the first leg portion in an arc shape as the
movement portion moves in the opening direction.

The binding machine according to claim 16, wherein

the first displacement portion includes a first in-
sertion portion into which the first object and the
first leg portion are to be inserted, and

the first insertion portion includes an inner wall
configured to be engaged with the inserted first
object by curving the tip end portion of the in-
serted first leg portion in the arc shape.

The binding machine according to claim 14 or 15,
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further comprising:

a second guiding wall provided in a forward direction
with respect to the guiding wall and formed to face
a rearward direction.

The binding machine according to claim 18, wherein
the second guiding wall includes a protruded portion
protruded in the rearward direction.

The binding machine according to any one of claims
4,13, 14, 15, 16, 17, 18 and 19, wherein

the main body portion of the staple includes a
curved portion, the first leg portion includes a
first portion that is bent and extends in the out-
ward direction, and a second portion that is bent
from the first portion and extends in the opening
direction of the staple, and

the movement portion includes a curved portion
configured to be in contact with the main body
portion and a shoulder portion configured to be
in contact with the first portion.

A binding method for binding a first object and a sec-
ond object by using a staple that includes a first leg
portion, a second leg portion, and a main body por-
tion connecting the first leg portion and the second
leg portion, and that has an opening formed between
the first leg portion and the second leg portion, com-
prising:

displacing the first leg portion and engaging the
first object with the first leg portion; and
displacing the second leg portion so as to sur-
round the second object by using the first leg
portion, the second leg portion, and the main
body portion, and engaging the first object with
the second leg portion.

The binding method according to claim 21, wherein

the step of displacing the first leg portion and
engaging the first object with the first leg portion
includes a step of advancing a tip end of the first
leg portion toward one of an upward direction
and a downward direction away from a plane
penetrating through the firstleg portion, the sec-
ond leg portion, and the main body portion, and
the step of displacing the second leg portion so
as to surround the second object by using the
first leg portion, the second leg portion, and the
main body portion, and engaging the first object
with the second leg portion includes a step of
advancing the tip end of the second leg portion
toward another of the upward direction and the
downward direction away from the plane.

The binding method according to claim 21 or 22,
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wherein

the step of displacing the first leg portion and
engaging the first object with the first leg portion
includes a step of displacing a portion that is
within a first distance from the tip end of the first
leg portion and engaging the first object with the
first leg portion, and

the step of displacing the second leg portion and
engaging the first object with the second leg por-
tion includes a step of displacing a portion that
is within a second distance larger than the first
distance from the tip end of the second leg por-
tion and engaging the first object with the second
leg portion.

The binding method according to any one of claims
21 to 23, wherein

the step of displacing the second leg portion so as
to surround the second object by using the first leg
portion, the second leg portion, and the main body
portion, and engaging the first object with the second
leg portion includes

a step of displacing, in a top view, the second
leg portion in afirst rotation direction to a position
where the second leg portion intersects the first
leg portion, and allowing a tip end portion of the
second leg portion to pass through a gap be-
tween the first object and the second object, and
a step of displacing the second leg portion in a
second rotation direction opposite to the first ro-
tation direction, and engaging, with the first ob-
ject, the tip end portion of the second leg portion
passing through the gap between the first object
and the second object.

The binding method according to claim 24, wherein
the step of displacing, in the top view, the second
leg portion in the first rotation direction to the position
where the second leg portion intersects the first leg
portion includes a step of bending the tip end portion
of the second leg portion in the second rotation di-
rection opposite to the first rotation direction while
bending the second leg portion in the first rotation
direction.

The binding method according to claim 24 or 25,
wherein

the step of displacing the first leg portion and engag-
ing the first object with the first leg portion includes
a step of bending a tip end portion of the first leg
portion in the first rotation direction and engaging the
first object with the tip end portion of the first leg
portion.
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